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PREFACE 


New concepts in food handling and distribution have brought food wholesalers 
together into large wholesale food distribution centers, Such centers have already 
been constructed in many cities, including Philadelphia, New York, Boston, San 
Francisco, and Atlanta, and others are anticipated in other cities. 

Each new center faces the problem of selecting an optimum cooling system to 
handle the refrigeration requirements of all the individual firms. The need for 
information about cooling systems in order to select the best one for the situation 
prompted the Transportation and Facilities Research Division of the Agricultural 
Research Service to seek a study on '^Conducting Investigations to Determine the 
Most Efficient and Least Costly Refrigeration System in Given Situations.'^ 

After careful consideration of several firms having experience in refrigeration 
system design for food storage facilities, contract No. 12-14-100-8311(52) was 
awarded to the York Division of Borg-Warner Corporation, York, Pa. The Borg- 
Warner Research Center, Des Plaines, 111., and the Advance Engineering Group at 
York, Pa., provided personnel and facilities to conduct investigations and submit 
recommendations. The initial data and conclusions in this report were prepared by 
the York Division of Borg-Warner under this contract, Ralph McNatt, McNatt 
Engineering Company, and Austin Diehl, York Division, assisted the author in 
arranging and writing the final report. 
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A Study of Refrigeration Systems 
for Urban Food Distribution Centers 

By Robert L. Stahlman, agricuUttral marketing specialisl,* 
Transportation and Facilities Research Division, Agricultural Research Service 


SUMMARY 


A study was made to determine the moat economical and efficient means of 
supplying refrigeration to a hypothetical, four- building food distribution center 
housing 34 firms in a wholesale food distribution center in Chicago, III, The firms 
buy and sell fresh fruits and vegetables, meats and meat products, poultry, eggs, 
and groceries. It was assumed that the 34 firms would need refrigeration for 2 
rooms at -20^ F., 11 rooms at -10% 1 room at 25^=^, 17 rooms at 32% 7 rooms at 
40^, 1 room at 19 rooms at SO"*, and 5 rooms at 72"*. 

The most economical choice was to have one central refrigeration system (Situa- 
tion II) for the entire complex. Second choice, costing 8.2 percent more to install 
and 26.4 percent more to own and operate, was to use a central system in each of 
the four buildings (Situation III). Least desirable was to have each firm buy its 
own individual refrigeration system (Situation I). This would cost 4.3 percent more 
to install and 61.9 percent more to own and operate than the single central system, 
and it would not provide heating and air conditioning for offices. 

The study considered the climate of the area, initial capital expenditures, thick- 
ness of insulation needed, type of refrigerant used, electric power costs locally, 
other owning and operating costs, and whether the office areas would be heated 
and air conditioned from the central refrigeration plant. Capital expenditures 
included all costs of furnishing and installing the insulation and refrigeration 
equipment. Optimum thickness and type of insulation for each of the refrigerated 
rooms was calculated by computer from the expected outdoor temperatures of the 
area as determined from weather records, and costs were determined. Expanded 
polystyrene proved most economical for rooms above 32"* F.^ and fibrous glass was 
most economical for rooms below 26"^. For rooms with temperatures between 32"* 
and 26°, either insulation may be used. Owning costs were based on yearly esti- 
mates for taxes, insurance, and amortization of capital at 6 percent, over 20 years 
for the central systems and 10 years for the separate systems. Operating costs 


considered were maintenance of equipment and insulation, and electric power costs. 

The system of one central plant for four buildings could be installed for an initial 
capital expenditure of $893,277, including heating and air conditioning for the 
offices and working spaces needed to maintain the activity of the 34 firms, A 
separate building would need to be constructed to house the equipment for the 
refrigeration system. The costs of owning and operating the central system, in- 
cluding electric power costs, would amount to $190,941 per year. 

Four central systems, one in each of the buildings, would cost $966,664 to buy 
and install, including the heating and air conditioning for the other spaces. A 
room for the refrigeration equipment would be located under the rear platform 
of each building. It would cost $239,463 per year to own and operate the four 
systems. 

Individual refrigeration systems for each of the 34 firms would cost $931,698 
installed, This figure does not include costs for heating and air conditioning offices 
and working spaces. These would have to be installed separately at an additional 
cost of about $72,000 or more, increasing the capital expenditures to 13.4 percent 
higher than the cost of one central system. The refrigeration units for each firm 
would be installed in utility tunnels located under the platfoi'ins at the rear of the 
buildings. The cost of owuiing and operating tlie 34 systems would amount tc 
$300,157 per year, including electric power. 

The weighted temperature-hour approach developed in this study gives ai 
appropriate weighting to the outside temperatures during the year that exceeded th( 
interior design temperature. This procedure was included in the computer program 
for selecting the optimum thickness of insulation and was also used for calculatini 
the yearly owning and operating costs. Substantial savings result by using thi 
weighted temperature-hour approach, 

Detailed sample specifications are given for equipment and building material 
that will meet the refrigeration needs for such a food distribution center. Methoc 
are shown for adapting the figures given to the requirements of a different climat' 
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' Mr. Stahlman resigned from the U.S, Department of Agriculture in March 1969. 
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overcrowding; or because of having been built and enlargod with liMdn tliouglit or 
(danning for future operations. 

The mcrease in the per capita consumption of frozen food ])ro(lucts and perisluiblo 
foods requires the food industry to have good facilities in Iho right IcjcaUons in 
order to market high-quality foods at the lowest possible cost. The facilities, 
equipment, and handling techniques must be planned and developed for enicienoy. 

In tliis report, specific data, material, designs, and evaluations luive been de- 
veloped to determine an efficient system for providing the refrigeration require- 
ment in sucli food distribution centers. Weather data and electrical, labor, and 
material costs used in this report reflect those current in Chicago at the time this 
study was made. 

INFORMATION 

Individual food dealere usually have yarying needs for refrigeration to jjrotcct the 
perishable foods they handle. Some foods rcQuire subfreezing temperatures, while 
others require above-freezing temperatures. In many cases, a single dealer will 
need more than one kind of refrigerated room, each having a different temperature 
and humidity. 

B.oth individual package .systems and centralized systems are used to supply 
mfrigeration to food wholesalers at different locations throughout the country. 
But reliable scientific information is lacking for comparing the efficiency of opera- 
tion and costs of installation for these two different types of systems. This has 
made It difficult to standardize a system that will best suit the needs of modern 
food distribution centers. 
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FIRST FLOOR PLAN 
END UNIT 

FRESH FRUITS & VEGETABLES 

Figure 2, Suggested layout for a fresh-fnutr^nd-vegetable unit in a multiple-occupan<^ building. 
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Figure 5. — Suggested layout for a grocery unit in a multiple-occupancy building. 


8 MARKB5TING RESEARCH REPORT NO. 921 , U.S. DEPARTMENT OP AGRICUm'URE 

BUILDING NO. 1 BUILDING ND. 2 

FRESH FRUITS & VEGETABLES MEAT & MEAT PRODUCTS 


U SOO'-O" J 

L.75'.0'iJ 








REAR PLATFORM 

REAR PLATFORM 1 

1 

2 

3 

4 

5 

1 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1 _ FRON1 

PLATFORM 

FRONT PLATFORM 1 


1 FRC 

)N1 

PLAtEOI 

_ 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

1 REAR PLATFOR/ 

A 1 


BUILDING NO. 3 
POULTRY & EGGS 


r FRONT PLATFORM 


29 

30 

31 

32 

33 

34 


L REAR PLATFORM 1 



BUILDING NO. 4 
GROCERIES 


Stole of Feef 


0 SO 100 


Figure 6. — ^Layout of wholesale food distribution facilities. 
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Table 1. — Refrigeration requirements for each wholesaler 


Tempeiatuie and humidity 

Dimensions and kind of requirements 

refrigerated spaced Kind of product 

Wholesaler number and location — Cooler Freezer stored in cooler 

Cooler Freezer 

Temperature Humidity* Temperature 


Condition 
of product 

stored in Additional refrjgeiation requirements 
cooler^ 


Building No. 1: 

Fruits and vegetables : 


Firm No. 1 9 X 15 X 10 None 

Firm No. 2 8 X 10 X 10 ..do 

Firm No. 3 24 X 70 X 20 ..do 

Firm No. 4 24 X 70 X 20 ..do 

Firm No. 5... 24 X 34 X 20 ..do 

24 X 35 X 20 ..do 

Firm No. 6 49 X 70 X 20 ..do 

Film No. 7 24 X 34 X 20 ..do 

24 X 36 X 20 ..do 

24 X 70 X 20 ..do 

Firm No. 8 24 X 44 X 20 ..do 

24 X 25 X 20 ..do 

Firm No. 9 74 X 70 X 20 ..do 

Firm No, 10 24 X 44 X 20 ..do 

24 X 25 X 20 ..do 


Building No, B: 

Meats and meat products:'* 


Firm No. 11 24 X 42 X 12 ..do 

24 X 27 X 12 ..do. 

Firm No. 12._ 42 X 70 X 12 ..do 


Degrees F, 

32 

40 

46 

32 

32 

50 

50 

32 

50 

50 

32 

50 

60 

50 

32 


32 

50 

32 


Firm No, 13 74 

63 

Firm No. 14.. 99 


X 42 X 12 10 X 27 X 12 32 

X 27 X 12 60 

X 42 X 12 20 X 27 X 12 32 


Firm No, 15 


78 X 27 X 12 

99 X 42 X 12 30 X 27 X 12 


60 

32 


68 

Firm No. 16... 74 

74 

Film No. 17 49 

38 

Firm No. 18 24 

13 


X 27X12.... 60 

X 42 X 12 None 32 

X 27 X 12 50 

X 42 X 12 10 X 27 X 12 32 

X 27 X 12 50 

X 42 X 12 10 X 27 X 12 32 

X 27 X 12 60 


Percent Degrees F, 


90 

86 

85 

86 
90 

85 

86 
90 
85 
85 
90 
85 

85 

86 
90 


Fresh fruits and vegetables 

_do 

Wet.... 

Dry 

Dry 

Wet 

None 

Do. 

..do 

Do. 

do - .. 

Do. 

..do 

Wet... 

Do. 

.do 

Dry 

Wet 

Do, 

..do 

Do. 

..do 

Wet 

Do. 

..do 

Dry 

Dry..., 
Wot 

Do. 

..do 

Do. 

..do 

Do. 

__do 

Dry 

Dry 

Dry 

Wet.... 

Do. 

..do - 

Do, 

..do 

Do. 


Do. 


90 

85 

90 

90 


85 

85 

86 
90 


85 

90 

85 

85 

86 
85 
85 


100% carcass meat Dry._^_ Do. 

None Do. 

76% carcass; 25% packaged Dry Do, 

meat, 

— 10 75% carcass; 26% packaged Dry Do. 

meat. 

None Do. 

-10 50 % carcass; 50% packaged Dry Do, 

meat. 

None. Do. 

-10 85% carcass; 16% packaged Dry Do, 

meat, 

None Do. 

100% carcass meat Dry Do. 

None Do. 

—10 100% packaged meat Dry Do. 

None — Do. 

-10 100% packaged meat Dry Do. 

None Do. 


See/oMnolea at end of table on page iO, 
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Tahi.e 1 . — liefngeralion requirements for each wholesaler — Continued 


Temperature and humidity 
l)itnea>ioi)^ and kind of lequireinents 

1 ef T meral ed “-pace » 

Uf il. ' di r tjiiinher and lonUnni Cooler Freezer 

Cm, lei Free/er — ' — * 

Temperature Humidity^ Temperature 


Kind of product 
stored in cooler 


Condition 
of product 

stored in Additional refrigoration requireme 
cooler^ 


h'uility-jXo ►**' 

Pi lilt r\ audit' I;- 

Ffti 

reef 

Degrees F, 

Percent 

Degrees l\ 


firm No lu 

24 X 3r) X 2(1 

24 X 34 X 20 

40 


-10 

Poultrv..- 

f iiiii No liu - - , 

24 X 411 i< 20 

None 

40 



. _.do 

fiiriiNip liT*' 

.... .,24 / X 20 

« X 10 X 10 

40 


-20 

^do 

Vni', Ni. 21'' 

. . . 49 / 24 X 20 

40 X 22 Xv 20 

40 


-10 

Poultry.^ 


V\ X 23 X 20 

_ 

m 

SO 

. Shell eggs 

1 iTiu Nt> _ 

21 X 2N y 21) 

None 

oO 

80 


__do_ 

flllfl N(r 

2t >' .',0 X 20 

21 X S X 10 

50 

80 

-20 

--do 

I iflii Vit ..f’l ^ _ 

. . None 

40 X 40 X 20 . 



-10 


III III No 

, 24 X 27 > 20 

40 X 12 X 20 

50 

SO 

-10.,-. 

-Shell eggfe 

fuioN*' zT - 

.... 24 / :ti 20 

21 X 70 X 2(» 

40 


25 

Poultry.,. 

llMitNii ‘Z’^” . . 

_ . . . , 10 ,< 12 V *20 

None 

40 


__do __ 









<',r- 


Wet Do. 

Wot Do. 

Wet 12' X 12' X 10' Air-cond, room (75 

Wet 49' X 70' X 20' Air-cond, room (75 

Dry...^ 

Dry 24' X 41' X 20' Air-cond, room (75 

Dry 24' X 10' X 10' Air-cond. room (75 

None. 

Dry_. , Do 

Wet,.,. Do. 

Wet.... 49' X 27' X 20' Air-cond. room (72 


1 MjI 


None 


V . \v 7M _ . 

, ... 21 y :u X 20 24 X 3,1 X 20 

21 X 35 X 20 

50 

32 

S5 

00 

-10 

Fresh fruits and vegetables 

Dry 

Wet..-. 

Wet-.-. 

1,1 ■ . .'il 

k'i ;tt >. •.>,( Kniic 

32 

oo 


do 

f'ti' Nt. ij 

Nfjiie do ^ . 





f ir’M N‘» i 

1 tn . Vh ,) i 

. . J4 y 44 A lid 24 X 2.') X 20 

- - . . Ni,ni' .... Xiiiie. 

32 

00 

-10 

Fresh fruits and vegetables 

Wet-.- 


None. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 


' h.'. r .. r , 4' ,wii ,ir.' ii.-nl- i|„m (v,.i!l u,di mid floor to ceiling) in width, length, and height 

- 'Ip 151 I X lilliri n,t (it 

' 'iVi' j.. Il u> [if. di'.t ji'i, !,,,|jn,n<liirigicc ‘ Dn” mdicatc-. no evee.— moisture. 

' 1, Ml,’ Hoik ir, i for i utting up, h-.iune, pn< k aging, and order ai.-embly oper.aliotis 

Ml , ' li' ■ ’ , .1 in .1 1 cl i„r !ii/„l. rate work -ui h as i uttiiig up lamllry and egg-hre.-iking operations 
‘ ' '1 si u *''l fi>r iu«id> rati* \^‘>rk ‘'iirh order as’"*onihlv. 

and moderiUe workhuch a.'* order a.-r.embly. 


llirt'c Situations lo Ho Considered 

1 lib- -iifr. r, lit Mtaitioii- ..a- to be coiisidead in determining the most efficient 
..(■•I r< 1 di,i. t. ing.T.itK.n s\4ein for p-ich firm. Kuch situation applies to the build- 
^ n p lu i, .uid tho ref}uirunH»ut^ ha summarized in table 1 The 


Situation I. 
Situation II. 
Situation III. 


operates, and maintain a his own Individ 


Fach of the 34 dealers provides, 
refrigeration system or systems. 

One central system provides refrigeration, including air conditioning and liontii 
to all 34 dealers. 

One separate, central refrigeration system in each of the four buildings supp] 
b^dmg®^™*'°" “'*■ “ondilioning and heating, to its respeoti 
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Data and Questions To Be Analyzed 

Each situation is to be thoroughly analyzed and the final calculations and aclec- 
tioriSj as applicable, made for: 

(a) The most efficient type, optimum thickness, and total installed costs of 
insulation required in each refrigerated room, including the air-conditioned work 
areas. The cost includes inside finishes over the insulation for all walls and ceilings. 

(b) The total refrigeration tonnage required by each dealer, by each of the four 
buildings, and by all four buildings. 

(c) The necessary equipment, properly selected and located, to meet the tonnage 
requirements in (b) above, and the temperature and humidity reciuirements as 
listed in table 1. 

(cl) The layout and arrangement of tlie eciuipment room(R) as reciuired for 
Situations II and III. 


(e) The best location for the central refrigeration plant for Situation II ii 
relation to the four multiple-occupancy buildings. 

(fj The initial cost for the installed refrigeration equipment as selected in (c] 
above, 

(g) The most efficient type of refrigerant to use witli the equipment selected in 
((’) above. 

(h) The average annual cost of owning and operating the individual or centra] 
refrigeration systems. This cost is to include the individual costs for operation, 
depreciation, maintenance, taxes, and insurance. 

(i) Tlie air-conditioning and heating equipment to handle the office areas in 
Situations II and III, based on a method of supplying the required heating and 
cooling from the central refrigeration equipment. 


METHODS USED TO DEVELOP COSTS 


Two classifications of costs are to be considered for each situation — the “initial 
capital expenditures” and the^annual owning and operating costs.” In Situation I, 
these costs are broken dowm by firm, since each firm has its own individual package 
system. In Situation II, the costs are calculated by building, and the four building 
totals arc summarized into a complete cost for one central system. For Situation 
III, the costs are calculated by building since each building has its own central 
system. 

The two cost classifications are made up of various costs as covered in this 
section, and are applied to all three situations. All cost figures are included in the 
individual sections covering each situation. 

The installation costs are based on labor rates in the Chicago, 111. area in 1965. 

Initial Capital Expenditures 
Refrigeration equipment 

The installed costs include labor and materials for all air-handling units, condens- 
ing units, central-system equipment, piping, piping insulation, and controls. 

Insulation 

The installed costs include labor and materials for all cold-room insulations. 
The installed cost in is determined for each type and thickness of insulation 

as used per situation. The total cost is found by multiplying the area of a surface 
by the installed cost. If a firm has more than one refrigerated room, the total cost 
js the sum of the individual room costs. 


Cold-^storage doors 

The types of doors used and the installed costs arc listed in the section on cold- 
storage door specifications. 

Air-conditioning equipment 

All buildings in Situation I arc assumed to be withoul air conditioning. The 
installed-cost figures for air-conditioning equipment for the other two situations 
are developed in “Air Conditioning-Heating, for Situations II and IIL” Air- 
conditioning components are listed in the bills of materials for central-system 
equipment rooms, where they are identified by a footnote reference. 

Refrigerant metering devices 

Refrigerant metering devices are used in Situations II and III only. The types 
of metering devices are specified in the typical specifications, and the installed 
costs arc listed in the summary cost tables for eacli situation. 

Annual Owning and Operating Cosls 

Amortization of capital expenditures 

The “Equal Annual Payment^ method^ is used, consisting of a dollars-per-year 
owning and operating cost, set up in an annuity form so that at the end of a 20- 


2 See Marks* Mcoliatncal Kngineorfi’ Handbook, 0th cd., eh. 17, p. *14. 
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year period,^ the iintial investment will be returned, with interest compounded 
annually. Tlie ^'13f|ual Annual Payment Rate’^ is determined by the formula 

_ i g + 

" (1 + i)" - 1 

where x j= equal anruinl payment late factor 
i interest rate in percent ^ 100 
n - deprceialion time in years 

For the 20-year equipment life and 6-percent interest rate* as used in this study 

^ (1 d- My^ 

^^(14- .06)2“ - i 
0.08718 

Maintenance of insulation 

The cost for maintaining insulation is quite small. It was arbitrarily taken at a 
fixed value of 2 percent of the insulation cost. 

Maintenance of refrigeration equipment 

For unitary package systems, as in Situation I, the cost varies with the type of 
system installed. An average value of 10 percent of the refrigeration-equipment 
cost was arbitrarily selected. 

For central-system installations, as in Situations II and III, the maintenance is 
based on the cost of a manufacturer’s certified contract, which includes inspections, 


preventive maintenance, oil, refrigerant, replacement parts, labor, and 24- 
hour emergency service, A minimum of one thorough inspection per month is 
included. 

Maintenance of air-conditioning equipment 

This maintenance is calculated on the basis of a contract similar to that de- 
er ibed for the refrigeration equipment above. 

Insurance 

The insurance rate is based on 80-pereant evaluation. It includes fire and ex- 
tended coverage at a base rate of $2.26/$l,000. The adjusted value for 80-percent 
evaluation is equal to 0.80 X $2.26/$!, 000 = $1.81/S1,000. 

Taxes 

The tax rate is based on 65-percent evaluation times the Illinois State correction 
factor of 1.42 and tax rate of $5, 284/$ 1,000. The adjusted value for OS-percent 
evaluation k equal to S5.284/$l,000 X 1.42 X 0.65 - $4.88/$l,000. 

Electric power cost 

The electrical rates are based on figures supplied by the Commonwealth Edison 
Company of Chicago, 111, The total power cost includes a “demand'^ cost and an 
“energy” cost. The formulas, methods, and base cost figures used to calculate 
the power cost are shown in the section on cost comparisons. 


SELECTING THE INSULATION 


Types of Insulation Material 

The following basic typos of insulation material were considered for this study: 

Expanded polystyrene board 
Extruded pol> styrene board 
Corklmrd 
Polyurethane board 
Fibrous gla.ss 
Cellular glass 

I^igure 7 compares the tliermal conductivity of these types of insulation at various 
temperature dift'ereiKes.® 


^ A 20 - 3 'ear amortkatiori period is used for all inFulattoii and refrigeration equipment, except 
in Situation I, where a Kl-year period is used for the refrigeration equipment. Package equip- 
ment, on the average, has a shorter life than heavy central-system equipment. 

’‘No attempt was made to reflect accurate interest rates that might exist at any given time. 
Six percent was selected nierelj' to demonstrate the application and effect of interest costs, 

® Determined from the published data of the major insulation mauufacturers. Thermal 
conductivity k measured in B.t.u./hr/-^ft.®-“R/in. 


In this study the board types of insulation are considered as being installed 
mechanically \Wth studs that allow for thermal expansion of the exterior wall 
without destroying the vapor barrier. The fibrous glass is assumed to be installed 
with nonconducting studs and with a hard fibrous-glass board finish. The cellular 
glass is considered freestanding and, like the board insulations, is finished with 
inch of cement applied in two coats. 

Maintaining a good vapor barrier with adhesive-type installations is a common 
problem, A 10-mil polyethylene sheet is added as a vapor barrier on the warm 
side of all insulations considered here. 

Blown-on foams, such as polyurethane, are not included in this study because 
there has not been enough proven experience with these materials. Atmospheric 
conditions are very important in this type of installation. All major manufacturers 
feel that foamed-in-place insulations are fine where atmospheric conditions are 
controlled; but that they are not to be recommended for general field work because 
the weather, availability of skilled labor, and quality of equipment introduce 
numerous variables. Other problems concerning adherence to vapor barriers and 
finished surfaces make the use of such foams questionable, at present, for cold- 
storage applications. 
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THERMAL CONDUCTIVITY, (K) 

BJ.U, / HR. - SQ. FT. - / INCH THICKNESS 



The Optimum Balance Between Insulation and 
Refrigeration Costs 

Research into the economic phase of designing cold-storage rooms has revealed 
the inadequacy of conventional design motliods. Customary practice begins by 
selecting a thickness of insulation material as recommended by a manufacturer's 


catalog. The selection of insulation thickness lias been followed by load calculations 
and the selection of a refrigeration system based on an outdoor design tenipcraturcj 
usually 95^ F. dry bulb, with no apparent attempt to arrive iit a balance between 
insulation costs and refrigeration costs. 

To select insulation properly for a refrigerated room, an economic analysis is 
needed to determine an optimum balance between insulation and refrigeration 
costs. Extensive research lias not uncovered a study in wliich a practical approach 
has been made toward arriving at such an optimum balance, though several 
theoretical studies show that as insulation thickness increases, insulation cost 
increases and the cost of required refrigeration decreases; and vice versa. 

A graph can be drawn to determine the optimum balance point by plotting 
individual curves for the total insulation and refrigeration costs. These two curves 
are added to obtain a total cost curve. Tlie low point on the total cost curve indicates 
the optimum balance point (fig. S). The thickness of the insulation at this point is 
the optimum insulation thickness. 

One of the early papers on optimum thickness of insulation was ^*Tlie Economic 
Thickness of Insulation in the Refrigeration Field/' by P. Nicholls (Refrigeraiing 
Engineering 9 (5): 162, Nov. 1922), This paper discussed several cost items to be 
included and gave an equation to calculate insulation thickness for a minimum cost. 

L. B. McMillan, in the 1920 Tranmcliom of the American Society of Mechanical 
Engineers, discus.sed several aspects of heat transfer through insulation at moderate 
and Iiigh tempcraiurca and derived an equation for calculating the optimum thick- 
ness of insulation for flat surfaces. However, he assumed a single lump-sum factor 
for the cost of heat and another single factor for tlie insulation costs. 

In 1900, the Union Carbide Corp., Charleston, W.Va., sponsored a project of 
the Engineering Experimental Station of West Virginia University to develop a 
^‘Manual on Economic Thickness of Insulation for Flat Surfaces and Pipes," 
Development of data for the manual followed the general procedure given by 
McMillan in 1926. It differed from McMillan's method, however, in the deter- 
mination of the base insulation-cost factor and the method of accounting for mainte- 
nance and capital recovery (amortization) factors in the^^owning and operating" 
costs, 

About 1902, the National Insulation Manufacturers Association (NIMA) 
reprinted the West Virginia University tables, with some slight additional infor- 
mation, as their official manual on Economic Thickness of Insulation for hot pipes 
and surfaces losing heat to the air around them. 

Tn a bulletin on ‘^Cold Storage Systems"; put out by the Owens-Coming Fiber- 
glas Corp, in June 1965, one section is entitled "Economic Thickness." The equa- 
tions and procedures used are based on the NIMA Manual. However, the cost 
factors given in the manual were converted to units more applicable to refrigera- 
tion systems, lu addition, an equation for "Capital Cost Recovery," using factors 
of "depreciation period" and "interest rate," is included, 
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OWNER & OPERATING COSTS, 
CENTS/SQ. FT.-YEAR 



INSULATION THICKNESS (INCHES! 


Figure 8. — Optimum thickness for insulation. 


How the Computer Is Used to Analyze 
and Select the Optimum Thickness of Insulation 

It would be a time-consuming task to calculate by hand the optimum thickm 
of insulation for all the possible combinations of Interior and exterior temperatur 
types of insulation, changes in thermal conductivity at the various temperate 
differences, and the varying costs for investment in and operation of the ms 
mechanical refrigeration systems. In contrast, the computer effectively perfoi 
similar calculations with high speed and accuracy. 

It appeared that the basic direct solution for economic thickness of insulat 
proposed by L. B. McMillan was rather widely accepted. To see if it could 
adapted to computer programming, the data used in the West Virginia, Univen 
study and the fiberglass company's bulletin were programmed into the compi 
to determine the total owning-operating cost curves. These results were chec 
by hand calculations, 

Hie computer-derived optimums differed from the hand-calculated optimums 
a tliickness of 0.3 inch to 0,7 inch, either higher or lower. The exact reason for 
difference is not known. Perhaps the minimum point on the curve (fig. 8) is n 
sharp one, and the slope deviation from zero is within the accuracy of the comp 
tiona! method. Also, one of the base constants in the equations supplied by V 
Virginia University reportedly was calculated as the average value from a grou 
data having a fair spread. 

The computer starts the calculations with the insulation thickness given in 
input data and calculates the corresponding sum of insulation and refrigera 
owning-operating costs, It then increases the insulation thickness considerec 
1.0-inch increments as long as the new cost is less than the previous value. V 
the new co.st becomes greater than the previous value, the change in thiols 
reverses to a decrease by 0.1-inch increments. The decrease again continues as 
as the cost is greater than the previous value. At the change point^^ the increi 
reverses again to an increase, by steps of 0.01 inch. When tiie change poi 
reached this time, the insulation is considered to have reached the optimum U 
ness within a reasonable accuracy. If the difference between successive valu 
0.00000000 at any time during the above computation, the program immedi. 
jumps to the assumption that it has reached the optimum thickness of insula 
without going any further. 

Solutions obtained by this method result in odd decimal thicknesses, wh 
insulation is normally available in J/^-inch increments. In cases where the de< 
is 0.10 inch or less, the program reverts to the lesser 3^-inch increment; bu 
tween 0.10 inch and 0.49 inch, the program moves up to the next 3^-inch increr 
The result is known as the commercial” optimum. The heat transfer and 
factors for this commercial optimum thickness are then calculated and printec 
This rounding off is weighted on the high side, since the cost curves are gem 
flatter as the thickness increases. The exact division point is an arbitrary on< 
can be changed if desired. 
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Assumed refrigeration costs as computer input data 

To select an optimum thickness of insulation, a computer must have data on 
the type of refrigeration system, the initial capital expenditures, and the owning 
and operating costs. Actual refrigeration costs cannot be used as input to the com- 
puter, liowever, because the actual costs are derived only as a result of the compu- 
tations, so they cannot be known in advance. It is necessary, therefore, to estimate 
or assume these costs (table 2.) 


Table 2. — Asaumed rcfrigeratio7i costs used as computer input 
data for the different situatzons 




Assumed cost 


room tempeiature ('* F.) 

Refrigeration 

equipment 

Operation 

Maintenance 

Situation I, 

Dollars^ 

Dollarh^ 

Percentage^ 

40® and above 

750.00 

0.G15 

10.0 

25'’ to 34“ 

1 , 100 00 

.742 

10.0 

o 

O 

T 

o 

O 

! 

1,250.00 

1 ..35{» 

10.0 

Situation II: 

25® and above 

725.00 

.168 

5.7 

1 

o 

0 

1 

o 

0 

1,200.00 

,259 

5.7 

Situation III : 

20° and above 

825.00 

.253 

8.2 

-20° to -10° 

1,400.00 

.390 

3.2 


^ Dollais per ton of refrigeration ($/TU). 
^ $/TU per 24 liours of operation. 

^ Percentage of capital cost per year. 


The assumed costs used in this study are accepted figures within the refrigeration 
industry. While the computations were being made, the contractor conducted 
research to ascertain that the figures being used as input data were realistic. When 
the final figures on actual refrigeration costs were compared to the assumed values 
listed in table 2, the assumed values proved to have been realistic. 

Insulation cost figures developed for input data 

Insulation cost figures are assembled on an installed basis from data supplied by 
the major manufacturers and insulation contractors. Basically, the cost informa- 
tion programmed is of two types: (1) a fixed price per board foot of insulation 
material and (2) a fixed price per square foot of surface area, which includes such 
items as installation labor, studs, vapor barrier, ledger strips, interior finish, and 
ceiling supports. Labor cost is figured on the basis of cost/sq. ft./layer of insulation. 


T^^o layers are used on all rooms designed for a temperature of 32'" V. and below. ^ 
Chicago labor rates for lOG.") are used. 

The final installed-cost figures for the various insulations include the insulation 
material as well as the fixed price per sqitarefoot of surface area, as described above. 

The cost of money — interest rates considered 

For purposes of tliis study, the method used for amortization of capital expendi- 
tures is the “equal annual payment’’ method. By this method, a doll ars-per-y ear 
owning and operating cost is set up in an annuity form so that by the end of a 20- 
year period the initial investment will be returned, with interest compounded 
annually. A 10-ycar period w^as used for the unitary package systems in Situation L 
A high salvage value will be realized at the end of the amortization period, because 
money was provided annually for maintenance. 

A C-percont interest rate is used in this study. No attempt was made to reflect 
accurate interest rates that might exist at any given time. One computer series 
was run, using a 10-percent interest rate, to determine what effect the cost of 
money would have on results. Tlie difference in interest rates, as expected, made 
little difference in Ihe selection of the thickness of insulation. If a 10-percent rate 
were to be anticipated, liowever, the thickness of the insulation would drop one- 
half inch in walls with up to 6 inches of insulation, and 1 inch in walls with insula- 
tion tliicknesses of more than 0 inches. 

Figure 9 illustrates the difference in owning and operating costs attributed to 
wall insulation when a 6-percent or a 10-percent interest rate on the amortization 
allowance is used. More important, it also illustrates the difference between using 
the conuentional design approach and a weigkieddcmperaiurediour approach as 
devised for tliis study to select wall, floor, and ceiling insulations; and to calculate 
operating costs, 

Figure 9 cannot be interpreted as a smooth curve, because the points between 
— 10'’ and 25° F. have not been calculated. No rooms within this food distribution 
center complex were designed for these intermediate temperatures. 

Temperature profile of Chicago^ Illinois 

Figure 10 illustrate.s the temperature profile of the Chicago, 111, area, based on 
U.S. Weather Bureau data collected hourly during 1905 at Midway Airport. 

To simplify the input data to the computer progi’am, 10° F. increments are used. 
For example, all hour.s in which the temperatures were in tlic 90’s are considered 
as 95°, in the 80’s as 85°, and in the 70’s as 75°" F. Detailed checks on this method 
revealed tliat a variance in mean temperature of less than db 1° existed on any day, 
and that a varianco of less than drl percent existed on any annual degree-hour basis. 
Figure 10 shows the total number of liours during 1965 in which the outdoor 
temperature exceeded the design storage-room temperature. 

The temperatui^e profile in figure 10 is used extensively in developing the 
weighted-temperature-hour approach for all wall surfaces. A temperature penalty 
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Weighted temperature difference is found by: (1) Multiplying each of the differ- 
ences between the outside and the storage room air dry-bulb temperatures by the 
respective cumulative number of hours that each temperature difference exists, (2) 
adding the products of the multiplication, then (3) dividing the result by the sum 
of the cumulative hours of the temperature differences. 

An example of the procedure for finding weighted temperature difference (WTD) 
is illustrated by the formula below. The formula assumes a 72® F. storage room in 
Chicago, and uses the outside temperatures during the year that exceeded the 
interior design temperature, along with the number of cumulative hours of such 
temperatures; from figure 10. 


WTD 

where: 


y;[(A u X Hr.,) 4- (AU X Hr,) + (Ata X lira)] 
(Ilr.i Ilr .2 Ih’.a) 


WTD = weighted tempcratiuc difTeienco (‘^F.) 

^ summation of 

At diderence between two air temperatures 
At| = 95^' - 72° = 23® P. 

AU 85° -- 72° - 13° P, 

Ata 75° - 72° = 3° F. 

Hr. ^ A cumulative period of measured time 

llr.i = 30 liours 
Hr , 2 - 413 houns 
IIr .3 « 1,327 houis 

^ (23° F. X 36 hiH.) -h (13° F. X 413 hus.) (3° F. X 1,327 hvb.) 
(30 hr«, -I- 413 hrs. -h 1,327 his.) 

« 5,7° F. 


Thermal design criteria for building construction 

Inside walls— A thermal resistance of 2.5 hr.-ft,^"® F./B.t.u. is used for the 
inside walls, excluding the insulation resistance. The insulation is selected on the 
basis that all areas uill be maintained at the design conditions and that all uncon- 
ditioned areas will have an average temperature of 80^ during the year. AH insula- 
tion is installed on the cold side of the wall. Figure 11 sliows detailed drawings of 
typical wall construction. 

Outside wails . — A thermal resistance of 2.22 hr,~ft.^“'' F./B.t.u. is used for outside 
walls, excluding the insulation resistance. 

Floors , — Floor insulation is selected on the basis of an average ground tempera- 
ture of 55® F. throughout, A thermal resistance of 2.15 hr,-ft.^“® F./B.t.u, is used for 
the floors, excluding the insulation resistance. Floor insulation is not recommended 
when the owning and operating cost for refrigeration alone is less than the combined 
cost of insulation plus refrigeration. Figure 12 is a detail diwving of a typical floor 
installation. 

Ceilings or roofs , — ^The basis for the selection of ceiling or roof insulation is 
much the same as for wall insulation, except that the calculation of the hourly 
difference between tlie storage-room temperature and the outside temperature 
includes the addition of a penalty of 45° added to the outside temperature to 
correct for the sun load, or extra heat caused by direct sunlight. Sun data for 
1905 was obtained from the U.S. Weather Bureau data at Midway Airport. 

A thermal resistance of 1,95 hr.-ft.^“® F,/B.t.u. is used for the ceiling structure, 
excluding the insulation resistance. Figure 13 shows a typical freezer- ceiling installa- 
tion. 


For this particular example, the weighted temperature difference of 5.7° F. 
across an outside wall would be used to select the proper insulation thickness. 
Equipment would be selected by using tl\o standard design temperature of 95® 
(minus the room temperature of 72®, equals 23®) to calculate the transmission-heat 
gain through the wall. If the 23® temperature difference were used to select the 
insulation, a much thicker insulation would bo indicated. 

The same type of calculation can be made for other storage-room temperatures, 
and in cities other than Chicago. 

Figure 9 shows the important difference between using the conventional design 
approach and the wciglited-tcmperature-hour approach to determine insulation 
requirements. The weiglited-temperatur e-hour approach saves 57 percent of the 
owning and operating costs on 72® F, rooms, 32 percent on 40® rooms, 25 percent on 
32® rooms, and 9 percent on —lO® rooms.^ On the basis of these results, it was 
decided that the most economical insulation thicknesses would be selected on the 
basis of a 6-percent return on investment, and using the weighted-temperature- 
hour approach. 


®ThG percentages in savings are not taken directly fiom figure 9. Figure 9 illustrates only 
the wall portion of the information required to calculate the overall savings. 


Final insulation selections for all situations 

Tables 3, 4, 5, 6, 7, and S list tlie final insulation selections, based on computer 
runs, for each of the situations considered within this report. 

These tables give the heat gain per square foot of surface area (Q/A) in B.t.u./ 
hl^*-ft.^ using the weighted-temperature difference (WTD Q/A) and the conven- 
tional 95° F. outside dry-bulb design temperature (Standard Q/A). 

The Standard Q/A column under the ceiling-insulation schedule for each situa- 
tion includes a 20® F. penalty added to the conventional 95® for calculating the 
transmission-heat gain used in selecting equipment. This penalty is not to be 
confused with the 45® penalty that is added for sun load when calculating the 
weighted temperature difference between the ceiling or roof and the storage room 
as used for selecting the proper thickness of insulation. 

Code letters are used on the individual building drawings for the different tem- 
perature conditions and the thicknesses and types of insulation selected to meet 
the particular requirement. Code letters ^*A” through inclusive designate 
outside walls, and letters through designate inside walls. The listings 

in tables 3, 5, and 7 indicate that tMcker insulation is required on the inside wall 
of a 50® F, room next to an unrefrigerated space, where the heat load exists for 
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FiGunE 12. — Details of a typical floor inbtallation 
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Figuhb 11, — A . Details of typical wall in&uiation and construction— 72’ F. rooms. B. Details of 
typical wall m^ulotiou and const ruction— 40’ F. to 72“ F rooms. C Details of typical wall 
insulation and construction — 32° F. rooms and below. 


the entire year (8,760 hours), than on the outside wall, since the outside tem 
ture exceeds 50° only 4,629 hours per year. 

The same temperature conditions exist for each situation, but a room of a a 
temperature using a unitary package system requires a thicker insulation 
that required by the same room connected to a central system. Compare the ir 
tion used on a wall between a 40° F. room and an unconditioned space, desigi 
by code letter The results: 

Unitary package system 5.5-inch expanded polystyrene. 

One central .system 3.5-inch expanded polystyrene. 

Four central systems 4.0-inch expanded polystyrene. 

These differences in thicknesses can be explained by referring back to the com| 
analysis on "optimum thickness” of insulation. Since tlie costs of providing refri 
tion are lower with central systems, it costs less to maintain the 40° F. tempen 
by using more refrigeration than by using thicker insulation. 


(Text contxnued on pa\ 
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Figure: 13. — Details of a typical freezer-ceiliag inj^tallation, 
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Table 3. — Waiyiisulaiiori schedule for Sihiation I (unitary package si/stem of 

refrigeration) 

IChiCftgo ’weighted-tempei a tin e-hour approach u^ed to determine thickness] 


Code 

letter 

Tempeialure lange 
across wall C'" P.) 

WTD 

Q/A 

(B.t.u./ 

hr,-f(.2) 

Standard 

Q/A 

(B.t.u./ 

h!.-ft.») 

Total 

installed 

cost 

(S/ft =) 

Insulation 
thickness and type 

A 

72 to outside 

0.745 

2,99 

0.918 

1 ,5- in, expanded polystyrene* 

B 

50 to outside 

1.254 

3.32 

1.208 

3.0-111. expanded polystyrene* 

G 

45 to outside 

1,410 

3 21 

1.248 

3.5-111. expanded polystyrene 

D 

40 to outside 

1.42 

3.50 

1.248 

3 . 5-in . evpaii de d polystyrene . 

E 

32 to outside.- 

1.015 

2.59 

1,495 

5.0411. fibrous glaf-s. 

P 

25 to outside 

1.095 

2 42 

1.56 

G.O-iii, fibrous glfLss. 

G.-.. 

. —10 to outside 

1.191 

1.83 

1.852 

lO.U'iii. fibrous glaj^s. 

IL... 

. — 2Q to outside 

1.261 

2.05 

1.017 

11 .54n, fibrous gla.^. 

I 

. 72 to unconditioned.. 


... .818 

,961 

2.0-m. expanded polystyrene. 

J 

. 50 to uncotwlitioned.. 


1.417 

1.376 

5.0-in. expanded polystyrene. 


. 50 to 72... 


... 1.252 

1.2!)1 

4,0-in. expanded poly.styrene. 

K.... 

. 45 to unconditioned-. 


1,645 

1.376 

5.0-iii. expanded polystyrene. 


_ 40 to unconditioned-. 


-- 1.71S 

1.418 

5.5-in. expanded poKslyrene. 


. 40 to 72 


... 1.483 

1.376 

5.0-in. exp.aiided jwlystyrene. 


. 40 to ao 


,813 

1.163 

2. 5- ill. expanded polystyrene. 

M..,. 

.. 32 to uncordiUoiiecl- 


1.296 

1.69 

8.0-iii. fibroiLn gla.-s. 

TsM,. 

.. 32 to 50 


,799 

1.462 

4,5-jn fibruu-r 


25 to uncoil ditioned- 


1.394 

1 722 

S.5-in fib: OILS gliL-.-t. 

N-L. 

.. 25 to 72 


,... 1,329 

1.057 

7 5-jii fibrou-* gla>s 

N-2,. 

... 26 to 40 


.... ,728 

1.43 

4 . i Lid ti broil- gla>.'5. 

N-3.. 

... 25 to 50,_ - 


.... 1 215 

1.43 

4. (Lin fibniu-* glas-* 

0... 

—KMo unconditioned*.^ 

1.474 

2.015 

13 0-hi. fi broil?- gla>r'. 

0-K. 

... -10 to 72 


.... 1.3S3 

1.9S2 

12,5-in. tjbiou-9 gin"" 

0-2., 

-10 to 50 


... 1 100 

1.8.)2 

10.5-111. fibruu-* gla-- 

0-3. 

... -10t(i40.. 


.... J.OOl 

J 787 

9.5-III JibioiLv gla,^-< 

0-4. 

... -10 to 32 

n - - -r 

.981 

J 722 

S 5-iri fibioiH gla^-^. 

0-5. 

... -iota 25 



.817 

1.722 

H 5-in fibroiL-i gla-". 

P-. 

— 20 lo uncondhioned 

1.561 

2,047 

13.5-in. fibioii'-s glfU'S, 

P-1. 

... -20tf>72 


1.4S 

2,015 

I3.04n. fibious g3n>'' 

P-2. 

... -2(M«.50 


.... 1.292 

1.885 

1 1 . 0-in fi b runs glavs 

P-3. 

... -2(1 to 40 


.... 1 M5 

1.852 

10.5un fibuni.^ gfa^^s. 

P-4. 

... -2U to -10 





. . None 


Table 4. — Ceiling^ and floor-insidation schedule for Situation I {unitary p<- 

system of refrigeration) 

IChicago weiglited-temperatu re-hour approach used to determine thickncs&l 


Room temperature 

(“F.) 

WTD 

Q/A 

(B.t.u./ 

hr.-ft,=) 

Standard 

Q/A 

(B.t.u./ 

Total 

installed 

coat 

Insulation 
thickness and ty 

Ceiling-insulation: 

72.. 

.. 1.062 

3.82 

1.323 

4, 5-in. expanded polj 

50 

2,059 

4.42 

1.366 

5.0-in. expanded poly 

45.. 

2.102 

4.07 

1.408 

5.5-in. expanded poly 

40 

.., 2.042 

4.35 

1.408 

5.5-in, expanded poly 

32 

... 1.354 

3.14 

1.057 

7. 5-in. fibrous glass. 

25 

1.456 

3.12 

1.69 

8.0-in, fibrous gloss. 

-10-,.. 

1.358 

2.54 

1.082 

l2.5-m. fibrous glass. 

-20 

1.447 

2.59 

2.015 

iS.O-in fibrous glass. 

Floor-insulation: 

59 


- 0.63 

0.253 

1 ,54il expanded polyi 

45 


. .845 

.338 

2.5-in. expanded polys 

40.,. 


, .95 

423 

3.5-in expanded poly? 

32 


. l.O.'il 

.622 

5.0-in expanded polys 

25 


. 1.251 

.664 

j.o-in expanded polya 

-lU 


. 1.49 

1,047 

1 0 . 0-in expai i (led ]Jolya 

-21) 


1 . 55 

1.132 

ll.O-in. expanded polys 
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Table 5. — W all-insulaiion schedule Jor t^ituation II {central sifstem of refrigeration 

fur four buildings) 

[Chicago wejghted-temperatuic-hour app loach u^ed to determine thickness] 


Code 

lettei 

Temperatuie range 
acioss wall {° F,) 

WTU 

Q/A 

(B.t.ii./ 

hr.-ft.2) 

Standai d 
Q/A 
(B.l.u./ 
hr -ft.*) 

Total 

installed 

cost 

(S/ft.’) 

Insulutuni 
thickness and type 

A 

72 to outside 

1,417 

5 07 

0.833 

0,5-ill, expanded polystyrene. 

B 

50 to outside 

1 .739 

4.00 

1,121 

2-0-ni. expanded poly.styrene. 

C 

45 to outside 

2.23!) 

5.07 

1.121 

2.0-in. expanded polystyrene. 

D 

4f) to outside 

2,248 

5.55 

1 . 121 

2.0-in. expanded polystyrene. 

E 

32 to outside. 

2.052 

5.23 

1.244 

2.5-in. expanded polystyrene. 

F 

25 to outside 

2.248 

4.96 

1.287 

3.0-111. expanded polystyrene. 

G 

— 10 to outside 

2.193 

3.35 

1 .527 

5.5-iii. libious gla.ss. 

H 

—20 to outride. 

2 332 

3.78 

1.56 

6.0-ni, fibrous glass. 

I 

72 to unconditioned- . 

— 

1.303 

.876 

l.O-iu. expanded polystyrene. 

J 

50 to unconditioned.. 


2.19 

1,206 

3,0-in, expanded polystyrene. 


50 to 72 


1.845 

1.163 

2.5-in. expanded polystyrene. 

K 

45 to unconditioned.. 


2.543 

1.208 

3.0-iii. expanded polystyrene. 

L 

40 to unconditioned.. 



2.544 

1,248 

3.5-in, expanded polystyiene. 

L-l,.., 

40 to 72 


2,295 

1,200 

3.0-in. expanded polystyrene. 


40 to 50 

— 

1.194 

1.078 

1,5-in. expanded polystyrene. 

L.3..._ 

40 to 45 




. None. 

M 

32 to unconditioned. - 


3.029 

1.329 

3.5-m. expanded polystyrene. 


32 to 50 


1.729 

1,202 

2.0-in. expanded polystyrene. 

N 

25 to unconditioned.. 


3.076 

1.372 

4.0-in. expanded polystyrene. 

N-1— . 

25 to 72 


2,921 

1.329 

3.5-in. expanded polystyrene. 

N-2_._. 

25 to 40 


1.417 

1,202 

2,0-in. expanded polystyrene. 


25 to 50 


1.575 

1*285 

3.0-in. expanded polystyrene. 

0 

— 10 to unconditioned. - 



2.645 

1,625 

7.0-in. fibrous glass. 


-10 to 72 


2.561 

1,692 

6.5-in. fibrous glass. 


-10 to 50 


2.138 

1,527 

5,5-in. fibrous glass. 

0-3—, 

-10 to 40 


1.924 

1.495 

5.0-in. fibrous glass. 

0-4.... 

-10 to 32 


1.763 

1.462 

4.5-in, fibious glass. 

0-5—, 

-10 to 25. 


1.47 

1.462 

4.5-in. fibrous glass. 

P 

—20 to unconditioned.. 


2.73 

1.657 

7.,)-in, fibious glass. 

P-1.... 

-20 to 72 - 


, 2.657 

1,625 

7.0-in. fibrous glass. 

P-2.... 

-20 to 50 


2,281 

1.66 

6,0-in, fibrous gloss. 

P-3—. 

-20 to 40 


2.096 

1.527 

5,6-in. fibrous glass. 

P-4.... 

-20 to -10 




. None. 


Table ii—Ceihng- and flooi-insulation schedule for Siiualion II {central system of 

refrigeration for four buildings) 

[Chicago weigh ted- temperature-hour approach used to determine thickness) 


Kciom temperature 

(“P.) 

WTD 

Q/A 

(B.t.u./ 

hr.-ft.») 

Standard 

Q/A 

(B.t.u./ 

hr.-ft.sj 

Total 

installed 

cost 

(S/ft.*) 

Insulation 
thickness and type 

Ceiling insulation: 

72 

.. 2.79 

5.43 

1.103 

3.0 -in, expanded polystyrene. 

50 

3.226 

6.93 

1.196 

3.0-in. expanded polystyrene. 

4:5 

-- 3. 146 

6.38 

1.238 

3,5-ill. expanded polystyrene 

40 

3.058 

6.63 

1.238 

3.5-in. expanded polystyrene. 

32 

.. 3.037 

7.05 

1.238 

3.5-in. expanded polystyrene. 

25 

3.083 

6.60 

1.3C2 

4.0-in. expanded polystyrene. 

-10 

-- 2.616 

4.75 

1.592 

6.5-in. fibrous gloss. 

-20 

2.616 

4.68 

1.625 

7,0-in, fibrous glass. 

Floor insulation : 

72__ 




None, 

50 


0.832 

0.211 

1 .0-in, expanded polystyrene. 

45 


1,255 

.253 

1 .5-in. expanded polystyrene. 

40 


1.508 

,290 

2,0-in. expanded polystyrene. 

32 


1.918 

.409 

2,5-in. expanded poly.styrene. 

26 


2.134 

.452 

3.0-in, expanded polystyrene. 

-10 


2.603 

.064 

5.5-in. expanded polystyrene. 

-20 


2.74 

.707 

6.0-in expanded polystyrene. 
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Tmh t 7 . Wiill-iihsuhtion schalulv for XUuation III {central sijsiem of refrigeration 
for each of four buildings) 

{( appumrh U'.ed tn deteimine thiekue^'r] 



WTD 

Standard 

Total 



Ttmpciahueiatige Q/A 

<i/A 

l1l^tu^ed 

Insulation 

tutr 

tu ro--, \Mili F ) !B.I u./ 

(B.t u./ 

rost 

thickne-1'5 and type 


hi- -ft 2) 

hr.-fl 5) 

(S/ft.n 


\ 

72 tu niU-idc. . 0 1176 

3.92 

0 S70 

1 . 0 - 111 . expanded p<>l>-ityiene. 

B 

,">0 to outside 1.739 

4 60 

1 121 

2.0-in. expanded polystyrene. 

{' 

lo to oiitsulc 1.876 

4.25 

1.1G3 

2,5-111 expanded jKily.'jtyrene. 

D , 

1(1 to ... 1 vSSl 

4.65 

1.16:4 

2.,5-in. expanded polystyrene. 

K. . 

3.i to niii-'idc- . 1.764 

4 50 

1.2S7 

3.0-in expanded pol>>t>rene. 

1 

25 oiit-'uli'- ... 1 971 

4.35 

1.329 

3.5-ui expanded p<il\'-)tyrene. 


— 10 tn nllt-lili* .. 1,753 

2.6S 

1.02,'. 

7 0-in fibroii'i glfl*'"^. 

II 

— 20 to out-nlt* 1 H91 

:los 

! «57 

7.5-in. lihroibi gla.*"^ 

f , 

72 to uiH ♦iiidduuM'd 

.. 1. (»».') 

,91S 

1.5-in expanded jKih styrene 


.'"rtito uunmihtiourd. .. 

, 1.927 

1 24K 

3.5-in, expanded jHih'-Urene. 

J-i, 

50 to 72 - 

. 1..593 

i 206 

3.0-111. expanded }K»l)’'t 5 rene, 

K. 

4.7 to uiKoiiditiouud-. 

2.237 

1.24S 

3.5-iii. expanded pohr-tjrene. 


lOto Uhl oitdiTioiiOil 

.. 2.271 

1.2!»1 

4.0-m expanded jioljityrene 

lA 

40 to 72 

2.019 

I.24H 

3 . 5-in expan ded p >!>> t ) rene . 

L-J . 

|Oti..70 

1.191 

1 07S 

I,.5-in expanded ixib^Urene. 

N:i 

lot . 1 17 - 

. . . _ 

. 

None. 

M 

(o uiKojiihtmm'd .. 

-- 2,441 

1 414 

4.5-in. expanded f)ol> throne. 

M-l 

32 to .70 .. . 

1 .4.53 

1 244 

2 . 5-in ex panded pi >lyr t yrene 

N 

25 to ujicouditioiu'd. . _ 

„ 2.777 

1.414 

4 .5-1 n I'xpandcd pol> •'t> rene 

N-1 

25 to 72 . 

... 2.606 

1 .:i72 

I.Oun expanded poU styrene. 

N-2 . 

25 to .50 

1,417 

1 .202 

2.0-in expanded poly-t^rene 

N-.S 

25 to, 50 

- , 2 4ti 

1.202 

2.0-in expanded pol>r>t\reiie. 


, - 10 to u(ii ( ndiUoTii'd . . 

- 2,207 

1 722 

8 5-in fibruiby gla*— . 

*> 1 

^ 10 to 72 . . 

2.112 

I Gtl 

SJMn fibioiL> gla.-- 

o J 

i0to70 

... l.S.U 

1 ..592 

6.5-in fil)ioiL-» gla^“5 

o;i 

10 to 40 

1.620 

I .56 

0 tt-in fibrous gla>- 

(> 1 

nt?>f52 

1 17 

1 527 

5.5-in filuoit, gla>s. 

U 

to to 2,5 

- 1,225 

1 527 

5 .5-111. filuoib gla.-^. 

V 

- 20t'j Mill d 

. 2 301 

1 .75.5 

9.0-hi, filiroiiN glfl>^ 


2iM.*;2 

. 2 216 

1.722 

8 5-in fibroiL-5 gla-'". 

F j 

20 to "0 

1.97K 

1.025 

7,0-in fibroiL-5 glai"^ 

r [ 

V 1 


i.79H 

1 .592 

6. 5 - 111 , fibrous gla.**> 

20 to ^-10 



None. 


Table 8. — Ceiling- and floor-insulalion schedule for III (central sysle 

refrigeration for each of four buildi^igs) 

[Chicago weigh ted-temperatuie-hoiir approach used to determiiui thickness] 


WTD Standard Total 

Room temperature Q/A Q/A installed Insulation 

F.) (B.t.u./ (B.t.u./ cost thickness and typo 

hr,-ft.2) hr.-ft,2) (S/ft.^^) 

Ceiling insulation: 

72 2.79 5.43 1.196 3 . 0-in. expanded polystj 

50 2.513 5.40 1.281 4 , 0-in, expanded polystj 

45 2.799 6.67 1.281 4,0-in. expanded polystj 

40 2.72 5.90 1,281 4. 0-in. expanded polys t> 

32 2.70 6,26 1.362 4,0-in. expanded polystj 

25 2.775 6.95 1.404 4,6-in, expanded polys tjf 

-10 2.068 3,90 1.69 8. 04n. fibrous glass. 

-20 2.176 3.90 1.722 8 , 5-in. fibi ous glass. 

Flour insulation. 

72 None. 

50 0.832 0.211 1 .0-in. expanded poly.sty 

45 1 01 .296 2.0-in. expanded polysty 

40 1.261 . 338 2 . 5-in. expanded polysty 

32 1. 048 . 452 3 . 0-in. expanded polysty 

25 1.87 .494 3. 5-m, expanded polysty 

— 10 2,232 . 749 0.5-in. expanded polysty 

—20 2.375 .792 7.0-in expanded polysty 


DETERMINING THE REFRIGERATION LOADS 


t]jt‘ n‘fiignratu>ii-loud culculatiuiis for this study uere completed, visits 
M Tt' nj'tii*' hi relatively iu‘\\ market iirea.s of three large eastern cities to review 
the rn-- wuh evicting refrigeration systems and to obtain recommendations 
fiif m\Mnvvuivn\^ IriadiHjuate refrigeration and storage were evident in many 
and iiindern materiuls-hundling s\ stems were not in full use. 


Inadequate refrigeration is often the result of design, which relates back to 
improper calculation of the refrigeration load for which the equipment was select 
The total refrigeration load is based on heat gains from four general sourc 
(1) Transmission through walls, floors, and ceilings; (2) air changes; (3) cooli 
of products; and (4) miscellaneous loads from such sources as lights, motors, a 
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people within the refrigerated space Each type of heat gain and the parameters 
as used for tins study are discussed in this section. 

Failure to use modern materials-liandling systems often reduces the effective 
utilization of the storage areas as well as the cfhcioncy of handling. Unless other^ 
wise noted, tlie capacity of the storage being considered is evaluated on tlie number 
of 40- X 4S-inch pallets that can be accommodated. An overall face width of 57 
inches or more is used so that iiallet racks can be employed. Pallets arc arranged 
two liigh in the 10- and 12-foot-higli storage I'ooms, and three high in the SOdoot- 
high storage areas. Aisles about <S feet wddc are provided for forklift trucks. 

Table 9 illustrates the type of worksheet that was set up for tabulating heat 
gains for the various sources as applied to Situations I, II, and III. This form 
represents a worksheet that can be used in calculating tlie refrigeration load for 
each refrigerated space within the distribution complex, but it refers specifically to 
Building No. 1, Firm No. 4, Room No. 1. All sample calculations that follow refer 
to this table. 


Heal Gains from Transmission Throiigh Walls, Floor, and 

Ceiling 

Any heat gains through tlie walls, floor, and ceiling will vary with the type an 
thickness of construction materials, including insulation; with the surface aren 
and with the temperature difference between the refrigerated space and the ai 
on the other side of the surface. All of these factors are expressed in the formula 
Q - U X A X 
wheie: 

Q = boat gain in B.t,u./hr, 

U = coefficient of heat tiaiis mission, in B.t.u./hr.-ft.*-® p 
A - oiitbulc area of the wuiface in ft.® 

At - (lifToience between two air teniperatureb 


7 ASIIRAE Handbook of Fundamentala, 1967, eh. 29, p. 513. 


T VBLB 9.- 

—trample refrigerahon load worksheet — Building No. 1, Firm No, 4, Room No. 1, {84‘ X 70' X 20'), F., 

, 85 percent RH) 


Transmission, 

Walls: 

Area 

(ft.9 

Insulalitm 

code 

Situation I 

Situation II 

Situation III 

Sttl. Q/A 
(B t.u./hr.-ft.*) 

Q 

(B.t ll./br.) 

St<l. Q/A 
(B.l u./hr.-ft.») 

Q 

(B.l.u./hr.) 

Stcl. Q/A 
(U.t.u./hr.-ft.s) 

Q 

(D.t.u./hr.) 

North 

480 

E 

2,69 

1,246 

5.23 

2,510 

4.60 

2,160 

South 

- 480 

E 

2.69 

1,245 

5.23 

2,510 

4.50 

2,160 

Fast 

1,400 

M 

1,296 

1,810 

3,029 

4,240 

2.441 

3,420 

West 

- 1,400 

U 

1.206 

1,310 

3,029 

4,240 

2.441 

3,420 

Roof/ceihng 

1,680 

32" F. 

3.14 

5,270 

7.06 

11,860 

6.26 

10,500 

Floor 

1,680 

32" F. 

1,054 

1,770 

1.918 

3,220 

1.648 

2,770 

Miscellaneous: 









Liglits 

- 1, 680 w X 3.4 B,t.u./hr./w, 


5,720 


5,720 


5,720 

Motors 

4.5 hp. X 4,160 U.t.u./hr./hp. 


18,700 


18,700 


18,700 

People 



1,600 


1,600 


1,000 

Air change.s: 










No. /hr. X room volume X B.t,ii./ft.^ 







0.212 X 33,Ctm ft.» X 2.61 


17,880 


17,880 


17,880 

Product load : 









No. of pallets 

216 








Weight/pallet 

1, 600 lb. 








Total product weight 

- 345,000 lb. 








Turnover. 









Cooling range 

30*’ F, 








Specific heat above freezing.. 

- 0,9B.t.u./lb.-°F. 


77,700 


77,700 


77,700 

Respiration 



25,180 


25,180 


26,180 

Latent heat of fusion 

- B.t.u./lb. 







Specific heat below freezing.- 

B.l.u./lb.-® F. 







Freezing canacitv 

- lb, /hr. 








Total refrigeration load B,t,u,/hr.__ __ 



159,850 


175,350 


171,310 
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ii r’ r« pr» h; I'l' X At i hjis ain^atly been considered in the 

r / / ♦ - r liit ' K I »1 7. \iU*] s, uh>'r*‘ ir li-tc d Standard Q A (B.t.u./ 

f,-u 

j r ‘ h* ^’n>mfrLr an w.t'- niui*- tn ^‘hnn^L^t<* al! variable data that 

i ’ .tft'i '! d'. tin d ^jluTnai r njiH imlirited that factors Hich as 

j' in an .ir| f.f t \ , r.^ti r \\a\U, ‘•tin ln-at lna»N on the vertical 

fd di ] ^ h i-i tali a hnnO'd total <rffu‘t that their elimination 

‘ 'i''' i ! ■* ji I r snls’- t^ii ' f* 'nU 'll.-w tf* » f r][^* >un on the r^K>f was apprech 

-r' ?' ' :» n .;i )** n - ifirni I' i 

I ‘ ' ^ it .jr, ij‘. till' at dr- v,,i| . /v,.. f ibal d ott the ba^N of an outside 
d n itip- r ,*j(r • o.; [ ,\f\ hulh '‘i. * f irun- llA for the Ciin^truction of an 

u* ' 1'" ii < i in th?- > tu \\ 

d' ■!* » ^ lu thi*; d t il iTv i i,Ti fli.* h of uit outMde design 

-? nir o: n; { '-oM, i^uAu pjr ■ io.ul S(^‘ hgnre KHor 

?" e , I f'tj , ; 1 « u lu ^ ifi ' n' i ni ? !i ' ' tud V 

i t'* a'i diroiijft j‘ I » d'- . I .-4 on :: Ciiri'itant tenijKTature 
^ f ‘ ‘ ‘ I ♦ ,i ,n 1 ' n \h !n: '*»! '*t' a t ' are ‘•'.'iinn'd to have a 

va * e/ ♦» r . r <ni^ 1 *P , O.ti'. 

w .' t d 1 n , t * d, .,tfi4-r.:fon-*rntunih‘rfiM»rf{m{>*‘ra* 

■* '"k '> 1* M a-^-uraed for this 

il’ ' a e, - *'r,>f.f t'' a .r . ,* ti/ ^ i^r«*r, and t eiiing are 

f i', ' ' i h. U <' d,ll i'y\) y 1< n .i' j 

p - . ; , i , •'»}►;!]! I' i [‘ f* M 

^ ‘ ^ ' a’ ,i' tin ' t* . “ft ‘ ‘ f ‘1 f '* ji’ rd *rin!i I from table \ ♦. 


' 1 j I r i ; f , I . I ^ 

I r. p- 

‘ 1 , I M r‘ M., . I ^ 1 ir ^ t'l -TiMjj * II mitl HI, the wall 

*;'''**' ;' SnI (| \ Gm; in rt -' n- li-Tf d m fabh •* a and 


die- 

%^/j ,> ’ 

\h 

fej rr 


i ' K *» e \ ,r tt'.rn- I, H, nrid III, bceau-O the 
' - ’ '! ■ I" ’ 01 4 - n -irttiii- ill II and HI affect 

' 1 ’ i ' • M jl / ♦ I I {', c UroUtiun njjinred alltm> greater 

. a . 'i V ip 

*” '' dd, > 1 .?^ fi'’ !f .I'ln- I for SifuatioiL'* II and III 

' ’ ^ ‘ ' * ‘i s ^ .'M «),? It r T‘j,it H^» d Ui Sinution I, the heat gains 

‘ ‘ ' t'* 0 i-'i nr ?i(r ihe,t' oj ,tnvl :* tod jierc^nt for freezers. 

T' 1 ,^-r i j M 0 K i'< ' at a!i oat^side df-igfi I em jx»rature of 97/° F., 

onlt f.f'* I N' i. ?I'‘* ( 'hicago area* 

).. .r ft,ui iri.ti, rlir,,u;i-h fF;f u;,Hs flwr, and ceiling 

- 1 r- ^ I tr; <.(■ Hj»‘ (> v-rr:ili fW'rfKcMtMn foi.l 


Heat Gains from Air Changes 

Each time that the door to a refrigerated room is opened, some Wf 
air enters the room. This air must be cooled to the room temperature, 
to the refrigeration load. 

The heat gain from infiltration and air changes is calculated from 1 
and figures in the ASHRAE Handbook of Fundamentals, 1967, ohaptc 
513, 514, and 515. 

Q (B.t.u./hr.) = No. of changes/hr. X room volume (ft.’) X heat removed i 
air to storage temperature (B.t.u./ft.*) 

In the following sample calculation, the traflfic into the refrigera 
considered as being heavy. 

Q = 0 212 changes/hr. X 33,600 ft.» X 2.61 B.t.u./ft.* 

= 17,880 B.t.u./hr. 


Heat Gains from Cooling the Product 

When a product is placed in a refrigerated space at a temperature I 
the room temperature, that product will lose heat until its temperatu] 
the room temperature. The quantity of heat lost by a product dep 
entering and leaving conditions, weight, specific heat above and belo^ 
freezing jioint, and tlie amount of latent heat to be removed. 

The following formulas® are used to calculate the total heat gain witl 
uhere stored products are losing heat: 

a Ueat gamed by lowering the tempeiature of the entering product to aome 
fice/mgor to freezing: 

Q = w X c(t - ti, or tf) 
b Heat gamed by freezing product: 
il - W X Ji.t 

c Heat gained by lowering product temperature from the free;5ing temperature 
storage temperature: 

Q = W X c, (t, - t,) 
where, 

Q — heat gain (B.t.u.) 

W = weight of product (lb.) 

e =’ specific heat of product above freezing (B.tu,/Jb.^“ FJ 
ti - initial enteiing temperature (°F.) 

U - final storage temperature above freezing (° F.) 
tf = freezing temperature of product C’F.) 
h^t == latent heat of fusion (B.t.u./lb.) 
c, specifio heat of product below freezing (B.t.u. /Jb,-° F.) 
ti - final storage temperature below freozuig (® F.) 


* ASHUAE Handbook of Fundamentals, 1967, eh, 29, p. 5M. 
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The total product-cooling load in B.t.ii.’s is represented by the sum of these indivi- 
dual cooling steps. Respiration-heat gains must also be included for fruits and 
vegetables. 

Some data assumptions were made to determine the product loads for each of 
the buildings. (For each refrigerated .space, the product load is considered to be 
the same, regardless of the refrigeration system.) The weight and specific heat of 
pallets and containers were disregarded in this study. A sample calculation follows: 


Product weight (W) = No. of pallet loads X weight/pallet load (lb.) 
= 216 pallet loads X 1,600 lb 
= 34rj,600 lb. 


Q (B t u./hr.) = W X 0 (ti — tj) -r turnover (hr.) 

_ 34.'), 600 lb, X 0 1) B.t u /lb.-°F. (62° - 32°) 

5 days X 24 hr./day 
= 77,700 B.t u./hr. 

Ileal gain from ic.spiration: 

,. (fl.t.u./ton/day) X product weight (lb.) 
24 hr./day X 2,000 lb /ton 
_ 3,ii00 B t.u./ton/day X 34.5,600 lb. 

24 hr./day X 2,000 Ib./ton 
= 25,ia0 B.t.ll /hr. 


The total product heat load can be found by adding (1) heat gain that occurs in 
lowering the product temperature from 62® to .^2® F. to (2) the heat gain from 
product respiration. 


Fruits and vegetables — Buildings No, 1 and No. 4 

A complete product turnover every 5 days is assumed in Building No. 1 and 
every 4 days in building No. 4. Entering product temperature — 

30° F. above the storage temperature for 32° rooms, and above. 

20° F, above the storage temperatuie in freezers.^ 

The figures used for specific heat and heat of respiration are based on an average 
for the fruits and vegetables normally stored at the respective room temperatures. 


Room 

Icrnperaitirc 

-10° F. 
32° F, 

40° and 45° F. 
50° F. 


Specific heat Heat of respiration 

{B.i.u./lb-°F,) (B,tM,/lon/day) 

0,45 

.9 3,500 

.94 5,500 

.92 7,500 


Respiration is the process by which oxygen of the air is combined with the carbon 
of tl^e plant tissue, thus releasing energy in the form of heat. This heat gain must 


be removed by the refrigeration equipment. The colder the product, the lower its 
metabolic rate, and the less the heat of respiration given off, 

A product weight of 1,600 pounds per pallet was assumed for all storage areas. 


Meats and meat products — Building No. 2 

A complete product turnover every 3 days is assumed for all the rooms except 
the freezers, where a turnover every 5 clays is assumed. 

Entering temperature — 


10° F. above the .storage temperature foi all rooms except {reezers,. 

42° F, body temperature for all products entering the freezers. 

Meat rails with an average product loading of 120 lb. /ft, of rail are used in the 
various 32° F. holding rooms. A pallet weight of 1,600 pounds was used for all 
meat storage areas. The freezers are assumed to be for specialty freezing, with the 
Ib./lir, freezing rates as shown on the drawing for each situation. 


Freezing rate (lb, /hr.) 


weight of product (ib,) 
turnover time (iir.) 


The specific heat and latent heat values are averages for the various meats that 


would be handled: 

Specific heat above freezing for — 

Carcass meats 0,77 B.tnu/lb.-® P, 

Package meals .72 B.t.u./lb -° P. 

Specific heat below freezing for all meats .40 F. 

Latent heat 100 B.t.u./lb. 


Poultry and eggs — Building No. 3 

These spaces are laid out for pallet operation, with the exception of egg storages, 
which are designed for a stacking height of seven cases. Space is included to palletize 
egg storages if desirable. Pallet sizes of 36 X ^8 inches are used for eggs and poultry, 
with 8 inches allowed between pallets for pallet racks and air circulation. 

Freezer loads are based on a 5-day turnover, while all other products and spaces 
are based on a 3-day turnover. 

The products enter the various spaces at the following temperatures: 

Room tempera lure Enter in g prod uct lemperaiu re 
-10° and 20° F. 40° F. 

40° F. 50° F. 

50° F. 72° F. 

72° P. 82° F. 


® These temperatures aie not to be interpreted as recommended entering temperatiiro values for 
fruits and vegetables. They are assumed values and aie used solely for calculating the refrigera- 
tion loads. 


Exceptions to the above are the —10® F. freezers in Firms No. 25 and No. 26, 
whore the product enters at 10®; and the —20® egg freezer of Firm No. 24, where 
the product enters at 57°. 
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In elie 25" F, storage room of Firm No. 27, which is used for crusted chicken, 
a 5 temperature difference between entering product and room is assumed 


Specific heat above free/.iiig foi — 

Poultiy 0.79IJ.t.H./lb-°F. 

Ej5gs 76B.t.\i./lb-‘'F. 

Specific heat below frcc/iug foi — 

Poultry 0.37 

Egg-s 41 B.t.u /Ib.-T 

Latent heat, of fiidon — 

Poultry 100 B.t.u /lb. 

Eggs 100 B.t.u /lb. 

Aveiage freexing point — 

Poultiy 27* F. 

Eggs.. 27* F. 


Fallot weights of 1,600 poiind.s were assumed for poultry and 1,200 pound.s for 
shell eggs. 

Heat Gains from Miscellaneous Sources 

Miscellaneous refrigeration loads result from heat gains produced by the electrical 
energy dissipated within the refrigerated space by lights, motors, heaters, etc.; and 
heat given off by people who enter or work within the space. These heat gains are 
calculated in accordance with the ASHRAE Handbook of iMmilarnental.s, 1907, 
chapter 29, page 515. 

A lighting load of i watt/squaro foot of floor area is u^od in all spaces except 
the cutting rooms and work areas^ where 2 WRtts/square foot is ufecd. 

For the w^ork areas, an additional refrigeration load is calculate<l for 5 horse- 
power of miscellaneous motors for each 1,000 square feet of floor area. One per'>on 
for each 500 square feet of floor area is assumed in all cutting rooms and work 
areas. 

The Total Refrigeration Loads hy Building and Silualion 

?he sum of these individual heat gains is tlio total refrigeration load for each 
resentative firm. TJie refrigeration cquijjnient is selected to liandJe this total 
I 


Table 10 lists the calculated refrigeration loads by building and situi 
Since not all firms have peak loads simultaneously, in actual practice it is po 
to develop a diversity factor from central systems. A diversity factor is the < 
ence betw’een the maximum calculated tonnage and the maximum tonnage ad 
required at any one time. In this study the central systems are selected to i 
the total of the maximum calculated loads and, therefore, have the diversity i 
as a safety factor. Any exceptions are noted in the equipment selection 
for each situation. 

The refrigeration loads for each firm are listed on the individual building 
plans in each situation. High-stage refrigeration systems handle the refriget 
loads for all rooms 32*^ F. and above, and lo wastage refrigeration systems hand 
refrigeration loads for all room.s under 32°. 

Table 10 . — Summary of refrigeration loads by building and diualion 


Building Product load Situation I Situation II Situation 

Ko. TJU TR Til TR 


J— Total lOO 162.4 tGU.2 167. Ilf 

HighMago iOO 102.4 100,2 107.9 

U)W .^tage 

2— Total 46, .i 122.7 UiS.6 ISS.O 

High 'itiige J2.4 W),3 02.0 88.6 

Low ‘otiige 42 4 40 0 44.4 

3— Total 61.6 lOS S 118 1 114^6 

High 22.0 02 (t tiS.4 60.0 

Ia}V> 'stage 2S.7 40 8 40.7 48.0 

4— “T<*tal 18.4 82 6 SO 0 34.9 

High wtage 10.7 26,1 28.4 27.7 

Likw' stage 1.7 6.8 7.0 7,2 


Total TK 420.8 4G1.0 450,4 

TotaUugh-sLme Tlt^ 830.8 358.6 350.2 

Tt M al age TR^ - 96>() 103.3 100.2 


‘TR— Ton- of refiigeration 

^ High-stage refrigeration ioad.b include all rooms 32^^ F and above. 
^ Low'-stage refrigeration load^ are for looms under 32° F 


SELECTING A REFRIGERANT 


This part of the study evaluates the conmioiily used commercial refrigerants 
ad selects the type or to bo used in each of tlie three .situations under con- 
ideration. 

A number of fluids have properties that make them suitable for use a.s refrigerants. 
When all the characteristics of a given refrigeration s^'stem are considered, how- 


ever, usually only very foAv refrigerants are desirable for the particular appiicatioi 
sometimes onl}" one. The fluorocarbons (R’-12, R,'-22, and R-S02) and ammoni, 
(R-717) are the most commonly used refrigerants for cold-storage applications. 

Among the factors considered are the efiBcieiicy and economy of operation of th( 
system that would result from the use of each of the common refrigerants. To mala 
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this iinaiysis, it is customary to calculate tlieir ideal performance under the standard 
conditions of 5^ V, evaporator temperature and 8G° condenser temperature. 

Under standard conditions^ there is little difference in horsepower per ton re- 
quired by the refrigerants for lower tonnages. Their differences do become a major 
consideration on higher tonnages, however, where any increase in horsepower 
greatly affects the operating cost. For low tonnages, then, refrigerants are selected 
for other more important considerations besides efficiency and econom 3 ' of opera- 
tion of the system. These considerations are those properties of the refrigerant 
that reduce the needed size, weight, and initial cost of the refrigerating equipment, 
and that permit operation with a minimum of maintenance. 

The Fluorocarbon Refrigerants 

All unitary package systems are designed for use with one of the fluorocarbon 
refrigerants, either R~12, R~22, or R-502. It is difficult to predict ^Yhich of these 
is the most economical, because the exact capacity and temperature level desired 
are not the only influencing factors. For instance, R-12, due to its stability and 
to its low discharge pressure with the resultant low discharge temperature from 
the compressor, is a favorite with owners and manufacturers of package condensing 
units, especially for room temperatures above 25® F. Sec table 11 for a comparison 
of suction and discharge pressures for a typical 32° room. 


Table 11. — Comparison of fluorocarbon refrigerant 
suction and discharge pressures 


Refiigerant 

Evaporator 

temperatuie 

Suction 

piessiire 

Condenser 

tempemtuie 

Discharge 

pressure 





P,s,i.g, 

R-12 

20 

21.0 

105 

125.0 

R-22 

20 

43.0 

105 

210.1 

R-502 

20 

52.5 

105 

220.2 


1 Pounds per square inch gage. 


Tlie above statements do not mean that R-12 is best for all higher temperature 
rooms. At a +20° F. evaporator temperature, a compressor must displace 4,65 
c.f.m. of R-12, 2.9 c.f.m. of R-22, and 3.1 c.f.m, of R-502 gas per ton of refrigeration 
(fig. 14), Since the R-12 compressor must handle more gas per ton of refrigeration, 
its physical size must be larger for the same total tonnage. With refrigeration 
requirements as high as 10 to 20 tons, R-22 equipment requires less physical space 
than 11-12 equipment. 

^lanufacturers tend to use the higher density‘s refrigerants, R-22 and R-502, 


10 Density in lb. /ft.® is the reciprocal of the specific volume in ft.Vlh. 


COMPRESSOR DISPLACEMENT 



-40 -30 -20 -10 0 10 20 30 40 

EVAPORATOR TEMPERATURE, 

Figure 14. — Compressor volume diaplacement per Ion of rofrigomlion for dilToront refrigoranU. 


in order to reduce compressor costs. At the lower evaporator temperatures, Jl-22 
and R-502 are used more frequently than R-12, since it is advantageous to have 
the system operating above atmospheric pressure. When the system is operating 
in a vacuum, such as an R-12 system would bo for a --20° F. room, any leak would 
cause atmospheric air lo flow inward, whicli could contaminate the entire system. 
The repairs to a contaminated system can be quite expensive in comparison with 
the cost of replacing refrigerant which leaks out of a positive- pressure system, 
such as R-22 or R-602» 

Figure 15 shows very little dillcrenco in tlio brake horscpow^ci' per ton of 
refrigeration. At the low tonnage requirements, tlie difference in operating costs 
between R-12 and R-22 is very small, but it does become significant ns the tonnage 
increases. 




28 


MARKETING RESEARCH REPORT NO. 921, E.8. DEPARTMENT OF AGRICULTURE 


BRAKE HORSEPOWER PER TOM 
OF REFRSGERATIOM 



FiauBE 15. — Broke horsepower required per ton of refrigeration for different refrigerants in 

single- and double-stage operation. 


Ammonia as a Refrigerant 

Ammonia, ]R~717,has the lowest c.f.m./TR requirements of the four refi 
considered (fig. 14). In addition, its brake horsepower/ton of refrigeration 
TR) is the lowest of the various refrigerants, except at evaporator temp 
below —25*^ F,, where R--22 has some advantages (fig. 15). In central or 
systems, the refrigeration tonnages become quite large, so any saving in b 
between different refrigerants produces significant savings in operating co 
lower volume of refrigerant gas circulated also results in savings on equipme 

An ammonia system offers additional advantages through simplicity of 
installation, and maintenance. Positive oil return in a fluorocarbon syste 
presents some difficulties. Refrigeranl-717 does not mix with the con 
lubricating oil, and any entrained oil separates as soon as its temperature is 1 
An oil-drain valve is usually provided on 11-717 systems at the low point 
evaporator and at any low points in the interconnecting lines where flow j* 
low. 

Single-stage vs. Compound Compression 

Many manufacturers of package refrigeration equipment use sitiglc-stag 
for evaporator temperatures as low as •-30® or —40® F. Use of these units is ge 
not considered good operating practice, considering the high compression 
the resultant high discharge temperatures, and the decreased reliability as r 
of operating near the limits of the compressor. Low-temperature, singli 
compressors have higher operating costs than two-stage systems (fig. 15). 
lines on figure 15 for the single-stage equipment were extended to lower evap 
temperatures, the b hp./TP would increa.se, wiiich means that the operatini 
\\ou)d go up. 

Figure 15 sliows that at evaporator temperatures below 0® F,, compound 
pression equipment operates at a lower b.hp./TR. There has been hesitancy 
compound compression equipment on low-tonnage, low-temperature applic 
because of the increased costs in supplying two compressors, intercoolers, addi 
piping, uiring, etc, One solution to the problem is to use a single compi 
internally compounded. This type uses some of its cylinders to compress tl 
from a low evaporator temperature such as —40® up to 0°. The other cyli 
then compress the gas from the interstage level of 0® up to the condensing tem 
ture, which is approximately 105® for air-cooled condensing units. The 
stage suction temperature, the interstage temperature, and the condensing tem 
ture vary with each application, but all compression occurs within a .single ur 

Refrigerants Used for Package Systems, Situation I 

In Situation I, it is necessary to use one of the fluorocarbon refrigerants, bee 
all unitary package equipment is designed for their use. 
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R*-'12 is used primarily for all rooms of 32° K. and above unless a large cooling 
load exists, in which case R-22 is used bocauso of the smaller equipment required 
and the savings on brake horsepower (fig. 14 and 15). R-22 is used for all rooms 
colder than 32°, except when semihovmetic condensing units are required. Here, 
R-502 is occasionally used for lower temperatures because of its increased cooling 
capacities and lower discharge temperatures. R~502 is a relatively new refrigerant 
on the market. 

In the unitary package system (Situation I) the final selection of the refrigerant 
depends on the particular conditions and the sizes of equipment available. 

Refrigerant Used for Central Systems in Situations II and III 

Ammonia, R-717, was selected as the most economical and cfRcient refrigerant 
for use in central systems as described for Situations II and III. 

The most desirable distribution system, considering oil removal and maintenance, 
is the pump-feed liquid-ammonia recirculation system. This system is chosen 
over the systems using a secondary refrigerant because of the lower first costs 
and operating costs, 

In the pump-feed liquid-ammonia recirculation system, the oil-rich refrigerant 
is brought from the receiver to the low-pressure pump accumulator (via the liquid 
intercooler in compound systems), where it is cooled to the evaporator temperature. 
At this point the oil drops out and proceeds to the low point of Ihe accumulator. 
If the accumulator is properly designed, only the refrigerant is pumped to the 


evaporator coils, elimiruiting the necessity for providing drain valves at the evapora 
tors. Drain valves may be required in designs where electric or water defrost i 
used. AVhere hot-gas defrosting is used, as in this study, it is good practice to provid 
a relief regulator from the low point of the evaporator to return any oil that ma; 
have accumulated in the evaporator during the defrost cycle. Tliesc regulators ar 
usually set at 30 to 90 pounds per square inch gage (p.s.i.g.) on ammonia systems 
As the hot gas increases the evaporator pressure, the warm liquid refrigerant and oi 
mixture is bled into the suction lines and returned to the pump accumulator. 

Oil is not easily removed from the accumulator or evaporators at temperature 
below —20° F. and correvspondingly low operating pressures. Oil stills arc recom 
mended to insure proper oil return on all low-temperature applications. 

In some metropolitan areas, local safety codes require that an operator be avail 
able continuously for systems using ammonia, A licensed operator qualified t' 
provide routine maintenance and minor repairs is considered necessary for th 
central systems, Situations II and III. It is also considered necessary to provide 
semiskilled mechanic in attendance during operation, even though the syster 
might be designed for automatic operation. The need for such attendants wout 
hold true for any large system, regardless of refrigerants and codes. The salarie 
for these men are included in the overall costs for central systems. 

The cost of maintenance, based on what an outside firm would charge for a con 
tract that includes all labor, materials, and routine preventive maintenance, coul 
be used by the food distribution center to hire and maintain its own maintenanc 
engineering staff, 


SITUATION I, UNITARY PACKAGE SYSTEMS 


There are 34 firms located within the four-building complex of this food dis- 
tribution center. Thirty-one have refrigeration requirements, which are met by 
one or more individual package systems for each refrigerated room (fig. 16). 

A unitary package system consists of two pieces of equipment — an air-handling 
unit and a condensing unit. The air-handling unit is mounted in the refrigerated 
space for the purpose of cooling and circulating the air, It consists of a fan(s), a 
fan motor(s), a thermal expansion valve(s), a hand valve(s), a thermostat, and 
controls. The air-cooled condensing unit is located in a room in the utility tunnel 
beneath the rear loading platform (fig. 17). It consists of compressor, air-cooled 
condenser, receiver, valves, angle drier, indicator, three-valve bypass for the 
drier, crankcase regulator for rooms 32° F. and lower, crankcase heater and relay, 
starter, pressui'e stabilizer, and check valves for the winter head'-pressure control. 

Air conditioning and heating for office areas are not included for any firms in 
Situation I. When package units are used for refrigeration, separate units, at 
additional cost, must be installed for air-conditioning duty. 


Equipment Selection and Operation 

The air-handling equipment is selected to handle the cooling-load and aii 
circulation requirements. All units are selected on a 7° to 10° F. temperature di 
fereutial, except for freezers, 72° rooms, and dry 50° rooms, where a temperatui 
differential of 1*5° or less is used. The temperature differential is the room temperi 
ture minus the liquid-refrigerant temperature within the evaporator coil. Selectior 
are made for peak summer conditions and maximum product loading to make sui 
that humidities of 85 percent and 90 percent can be maintained where requiret 
Separate humidification equipment is not necessary for short-term storage, sine 
packaged refrigeration equipment is capable of maintaining the high humidit 
required when selected with a proper temperature differential. 

All air units operating in rooms 32° F. and lower use hot gas from the compresst 
for defrosting the evaporator coil (fig. 18). An average of 2 hours per day is enoug 
to defrost the coils, Where the temperature is above 40°, defrosting is not necessar. 
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BUILDING NO. 1 
FRESH FRUITS & VEGETABLES 
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BUILDING NO. 2 
MEAT & MEAT PRODUCTS 


-500'-0i 
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29 

30 
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32 

33 

34 
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BUILDING NO. 3 
POULTRY & EGGS 


BUILDING NO. 4 
GROCERIES 


Fiquhb 16 . — Situation I, plot plan of food distribution center. 


Scale of Fe 


0 50 


The ftir-cooled condensing units are selected in multiples per system so that 
up to 60 percent capacity can be maintained if one unit is not operating. This 
safet}’ factor is usually adequate. 

AVherever feasible, the condensing units employ open-type, direct-drive, recipro- 
cating compressors witli standard, open drip-proof motors, thereby avoiding the 
complications that result from semihermetic compressor motor burnouts. The 
open-type condensing units cost about 10 percent more than semihermetic equip- 


ment. Should the motor burn out, however, it is easier, quicker, and less exp 
to replace the motor of an open-style unit than it is to remove the completi 
pressor assembly on the semihermetic unit, send it out for repairs, and ther 
out the refrigerant circuit to remove any foreign matter before restarting 
system flush out is not necessary after a motor failure of the open-type syster 
For rooms 32"^ F. and above, package condensing units, used in multiple 
usually more economical than small central or built-up systems if the total to 
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Fiauni; 17. — ^Typical condensing unit installntioii. 



Figure 18, — Hot-gas defrost arrangeinent for rooms 32** F. 


does not exceed 30 to 40 tons. Between 30 to 40 tons, a close review is needed to 
determine the most economical system, Above this range, the built-up system 


serves the purpose better. A careful review is also required for freezers with re 
frigeration loads up to 15 tons. For higher tonnages in this low-temperature range 
a built-up system is usually more economical and flexible, Avhile lower tonnng< 
applications can use either a package or built-up system. 

Situation I specifies that multiple condensing units be used for each room 
which eliminates small central or built-up systems. 

For applications with small cooling loads, two rooms at different temperaturei 
can be liandled by one condensing unit with tlie use of a back-pressure regulator oi 
the air unit of the higher temperature room. The use of a back-pressure regulatoi 
is feasible if the higher temperature room load is less than 25 percent of the lowei 
temperature load and the load falls within the range of available condensing unit 
capacities. Operating cost penalties, however, may soon be enough to pay foi 
separate condensing units to handle each room. 

Floor Plans and Refrigeration Equipment Layouts 

Figures 19, 20, 21, and 22 illustrate the floor plans and refrigeration equipment 
layouts for all firms in Buildings Nos. 1, 2, 3, and 4, respectively. Each figure 

{Text conlinued on poQcSff,] 
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□ --AIR-HANDLING UNIT 

Fioure 19, — Situation I, Building No, 1 (fresh fruits and vegetables), floor plan and refrigeration equipment location. 


BErRIGERATlON AND EQUIPMENT SCHEDULE 


Finn 1 


Flrnt 2 


Finn 3 


Finn 4 


Firm 6 


Firm 6 


Firm 7 


Firm 8 


Firm 9 


Item 


KeirlEcratlcTi 

Iterilgerallon load — U.t,u./hr 

Equipment 
Alr-bnnilling unUi 

Model No-_ 

Bating B.tu./'F. 

Air volume-- dm 

Fan motor i 

No, required 

Site. bp 

Type of defrost 

No. of units required., 

Condensing Unit: 

Model No 

No. of units required 

Total operating kw 


Finn JO 


Room 1 

Room 1 

Room J 

Room 1 

Room 1 

Room 2 

Room 1 

Room 1 

Room 2 

Room 3 

Room 1 

Room 2 

Room I 

Room 1 

16,303 

10.008 

152,326 

169,850 

87.621 

100,344 

296,940 

87,621 

100,344 

134,768 

102,251 

70,235 

461,870 

103,374 

ahh; 

AII-4 

AK-7 

AIMO 

aimo 

AH-7 

AH-7 

AIMO 

AH.? 

AH-7 

AH-IO 

An-7 

AH-7 

AH-7 

1,660 

1,660 

6,000 

6.420 

6,420 

6.000 

6,000 

6,420 

6,000 

6,000 

6,420 

6,000 

6,000 

6,000 

3,000 

3,0fXI 

10.600 

12,600 

12.500 

10,600 

10,600 

12,500 

10.500 

10,600 

12,500 

10,500 

10,500 

10,600 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

1/12 

1/12 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

1/2 

, 1/2 

1/2 

1/2 


Air 

Air 

Air 

Hot gas 

Hot gas 

Air 

Air 

Hot Fas 

Air 

Air 

Hot gas 

Air 

Air 

Air 

1 

1 

3 

3 

2 

2 

4 

2 

2 

2 

2 

1 

6 

3 

CU*242 

Ci;-3/4*12 

CU-16-I2 

CUdik22 

CU-7M2 

CU-I0-J2 

CU‘16-I2 

OU^7M2 

CUdO-I2 

CUd6-!2 

OU-IO-12 

OU*7|'12 

CU-20-22 

CU-1M2 

2 

2 

2 

2 

2 

2 

3 

2 

2 

2 

2 

2 

4 

2 

1 5 

1.6 

18 3 

23 2 

13 J 

12 4 

36 8 

13 1 

12 4 

16 2 

13 6 

9,6 

66 2 

11.7 


Ho^ 




Hoi 

CU-K 

h 


rN^DLATIO-V aCHEDULE 


WbI! material Celling material Floor raoterial 


Code 

Thickness 

'Type 

Room 

tem peiatuTo 

Thickness 

Type 

Room 

temperaturo 

Thickness 

Typo 


In, 


•F, 

fn 


^ F. 

In 


B 

3.0 

Expanded 

50 

6 0 

Expanded 

50 

1.6 

Expanded 



pblyMyrene. 



polystyrene. 



polystyrene 

C 

3.5 

do * 

45 

5.S 

-.—..do. — .. 

45 

2.5 

Do. 

D 

3 5 

do 

40 

6 6 

do 

40 

3 5 

Do. 

E 

6.0 

Fibrous glass, 

32 

7 6 

Fibrous glass- 

32 

5.0 

Do. 

J 

6.0 








V 

5 0 

Expanded 









poljstyrene 







Jj 

5.5 


--r 







M 

6.0 

Fibrous glass., 








4.6 

—.do 








notes: 

j. Insulation thicknesses have not been subtracted from dJmonsIons shown. 

2, Humidities shown are miolmuin rcquiremenls. 

3, Celling height Is 20 feet In all areas except In the refrigerated spaces of flrina 1 and 2, where height Is 10 feet. 

4, In the condensing unit model numbers, the Urst number is the horsepower of unit and the second number fa the 
of refrigerant us^ In unit. 
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REAR PLATFORM 



□ — AIR-HANDIING UNIT 


FiauBE 20. — Situation I, Building No. 2 (meat and meat products), floor plan and refrigeration equipment location. 


llEPRlaERATION AND EQUIPUEHT SCIIEDUL'E 



Firm 11 

Firm 12 


Firm 13 



Firm 11 



Firm 15 


Firm 16 


Firm 17 



Firm 18 


Item 

Room 1 

Room 2 

Room 1 

Room 1 

Room 2 

Room 3 

Itooni 1 

Room 2 

Room 3 

Room 1 

Room 2 

RcMjniS 

Room 1 

Room 2 

Room 1 

Room 2 

Rooms 

Room 1 

Room 2 

Rooms 

Rcrrlgeratlon 





















Carcass meat PcL. 

100 


75 

76 



60 



85 



100 








Packaged moat. ...Pot.,. 


25 

26 


100 

60 


LOO 

16 


100 


lOO 



m 


100 

Bcfrlgeratlon load 










n.t.u./hr.. 
Freezing capacity 

Ib./hr.,. 

33, 585 

33, 709 

78, 147 

74,170 

08,870 

77,074 

430 

98,024 

78,288 

130,024 

8Q0 

95,324 

73,248 

170.347 

1,200 

74, 170 

75,861 

69.070 

40, 100 

76,696 

430 

42,416 

27,801 

76,000 

430 

Eniilpincnt 
Alrdiandllng unit: 
















Model No 

Ilating 

Ti.t.u./hr./“ F- 

AH.a 

AH.2 

AII-O 

AII'9 

All’3 

AH-IO 

AH-9 

AH-a 

AIMO 

AH-9 

An-3 

AIMO 

An-9 

A 1 1-3 

Aa-9 

AII-3 

AH-IO 

AIMO 

AH-3 

AIM.5 

2,510 

1,190 

3,770 

3,770 

2,040 

0,420 

3,770 

2, 940 

5.420 

3, 779 

2,040 

0,420 

3, 770 

2,9(0 

3,770 

2, m 

6,420 

12,600 

0,420 

2,0(0 

6,420 

Air volumo...,c.f.ra._ 
Fan motor: 

No. required 

4,050 

1,615 

7,480 

7,480 

2, 270 

12,600 

7,480 

2,270 

12,500 

7.480 

2,270 

12,600 

7, 480 

2,279 

7,480 

2,270 

12,600 

2,270 

12,500 

2 

1 

3 

3 

2 

3 

3 

2 

3 

3 

2 

3 

3 

2 

3 

2 

3 

3 

2 

3 

Size.. hp.. 

1/4 

Hot gas 

1/16 

1/4 

1/4 

1/16 

1/2 

1/4 

1/16 

1/2 

1/4 

1/16 

1/2 

1/4 

1/16 

1/4 

1/16 

1/2 

1/2 

1/16 

1/2 

Typo of defrost 

No. of units required,-- 

Air 

Hot gas 

Hot gas 

Air 

Hot gas 

Hot gas 

Air 

Hot gas 

Hot gas 

Air 

Hot gas 

Hot gas 

Air 

Hot gas 

Air 

Hot gas 

Ilot^gna 

Air 

Hot gas 

2 

2 

3 

3 

3 

1 

4 

3 

2 

4 

3 

2 

3 

3 

2 

2 

1 

1 

1 

Condcnslng unit: 




















Model No 

OU-M2 

OU.3-12 

CU-10-12 

OU-7^12 

CU*7i-12 

CU-10.22 

□^^12 

OU-74-i2 

CU*10'22 

GU-7i-12 

au-7i-12 

OU-10^22 

OU-74-12 

CU.71-12 

OU-7i-12 

OH.5d2 

CU-10 22 

011-6-12 

OU-2-t2 

GU‘\o-n 

No. of units required- 

2 

2 

2 

2 

2 

3 

2 

2 

6 

2 

2 

0 

2 

2 

2 

2 

3 

2 

2 

3 

Total operating kw... 

6,7 

4.0 

12.3 

11 0 

9.4 

22.8 

12.0 

10,0 

43.8 

12.7 

10,0 

40.3 

11.5 

10 3 

ll.O 

5.8 

22.0 

6 0 

3 9 

22.0 


INSULATION SCHEDULG 


Code 

Wall material 


Celling material 


Floor material 


Thickness 

Typo 

Room 

temperature Thickness 

Typo 

Room 

temperature 

Thickness 

Typo 


/H. 


® F, 

In, 


“F. 

In. 


n 

a.o 

Expanded 

60 

5 0 

Expanded 

60 

1.6 

Expanded 

E 

5 0 

polystyrene. 
Fibrous gloss 

32 

7.6 

polystyrene. 
Fibrous glass. 

32 

5 0 

polystyrene 

Do. 


10.5 

do 

-10 

12.6 

- do 

-10 

10.0 

Do, 


4.6 

«-_do.. 







0-2 

10.6 

p.do— - 







0-4 

8,6 

— -^„do 








NOTES' 

1. Insuliitlon tbioknossos hnyonot boon subtraotcd from dimonsSoiis shD>vn. 

2. Humidities shown arc minimum ronidtomonU, 

3> £0” F. rooms are work areas Tor cutting^ boning, packaging, and order assembly operations. 

4. Coiling tiolght is 12 feet in all areas. 

ii. In th a condensing unit model numbers, tbo first nutnbor Is tbo horse power of unit and the second number Istlio typ 
of refrigerant used in unit. 
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F RONT PLATFQRW 
FLRM NO, 19 


FIRM 1 FIRM 

NO 7 \ I 


FIRM NO. 22 


FIRM 
NO. 2^ 


FIRM NO 24 


FIRM NO 25 


FIRM NO. 26 


FIRM NO. 27 


FIRM NO. 28 



REAR PUTFORM 


LEGEND 

ED ‘--AIR-COOLED CONDENSING UNIT 
□ — AlR-HANDLlNG UNIT 


FEET ^ 

10 20 30 40 


PiGURTJ 21. — Situation I, Building No, 3 (poultry and eggs), floor plan and refrigeration equipment location. 


RPFBIaERAT^O^ EQUIPMENT SCHEDULE 


Pefrigmtlon 
Refrigeration load 

B.t.u./hr,, 


Freezing capaelly 

lb /hr.. 
Equlpniim 
Alr-han<illng unit 
Model No 


Fan motor 

No. re(iuIre(L 

t>Ize hp.. 


Xo. of units rfQiilrrO.^ 
Condensing njiK- 

Model No 

No. of units required 
Total operating 


Room 2 

Room 1 

Room 1 

Room 2 

Boom 3 

Room 1 

Room 2 

Room 3 

Room 4 

Room 1 

Room 2 

Room 1 

Room 2 

Rfora 3 

Room 1 

Room 1 

Room 2 

Room 1 

Room 2 

Room 1 

Ilooai 

1^9,787 

Pouliry 

058 

63,483 

Poultry 

3ft. 831 
I^oultry 

16,012 

Poultry 

33 

9, SOI 
Cutting 
up 

poultry 

63,922 

PouUry 

>>4, 158 
Shell 
eggs 

}yi>, 634 
PouliTy 

1 , 2fia 

St, 046 
Ordtr 
a>sembly 

37 695 
Shell 
eggs 

32,693 

Egg 

grading, 

order 

os.^'emhly 

57,589 

Shell 

eggs 

33, 160 
f.gg 
freezer 

liJ 4 

8.C20 

bre^lfng 

86,68.5 

Poultry 

39. 9.53 
Sholl 
eggH 

60. 631 
Shell 
eega 

40.364 

Poultry 

72.921 

Crusted 

chicken 

70, 103 
Poultry 

42, di 
Ord( 
assoml 

AH-10 

AH-fi 

AH.6 

AIM8 

AIM 

AH-6 

AIM 

AH-m 

AH-3 

AH-0 

AH-a 

AH*5 

AH 9 

AH-1 

AH-IO 

Air-o 

AH-fi 

AH.7 

AII-9 

AH-7 

AH-! 

<1,420 

3,460 

3,4CI> 

l.edO 

OOj 

3,460 

2,370 

6,420 

2 010 

3,460 

2,010 

2,370 

3, 770 

905 

6,420 

3,400 

3,770 

6,000 

3. 770 

0,000 

1,19 

12^.*^ 

o,r>no 

C,5W) 

3.om 

1,17ft 

6.500 

4,3W 

I2,50i 

2, 270 

6.500 

2.270 

4.300 

7,480 

1,170 

12. 600 

0,500 

7.480 

10.500 

7,480 

10. 500 

1,51, 

3 

3 

3 

2 

1 

3 

n 

a 

2 

3 

2 

2 

3 

1 

3 

3 

3 

3 

3 

3 

1 

1/2 

U4 

1/4 

1/12 

1/15 

1/4 

1/4 

1/2 

1/16 

1/4 

1/15 

1/4 

1/4 

1/15 

1/2 

1/4 


1/2 


1/2 

1/15 

Hot gas 

Air 

Air 

Hot gas 

Air 

Aar 

Air 

Hot gas 

Air 

Air 

Air 

Air 

Hot gas 

Air 

Hot gas 

Air 

XT 

Hot gas 

Air 

Hot gas 

Air 

Air 

2 

2 

i 

1 

1 

2 

2 

3 

3 

1 

1 

2 

1 

1 

2 

i 

2 

1 

2 

2 

2 

: rU'IO-2-2 CU-7j-12 

C IT 3-12 

CtT-3-22 

Cn-H2 

CU-7i‘l2 

CU-7H2 

CU-1 0-502 CIT-5-12 

CtT.d-I2 

CC;-2-j2 ( 

CU-7i-12 011-10-22 ClM-12 CU-10-22 

GU-6-12 

Oa-71-32 

CU-5-I2 

OU-7ld2 

CU-7M2 

OU-3-15 

0 2 

2 

2 

2 

2 

2 

0 

2 

2 

2 

2 

2 

2 

3 

2 

a 

2 

2 

2 

2 

50 7 

7 S 

5 0 

4 7 

1 

7.7 

9 0 

45 4 

9 7 

5 7 

a 5 

8 0 

11 2 

1 i 

26.8 

6 1 

21.0 

6 1 

10 8 

11 2 

0 a 


IV.il] matcrlst 


INSULATION 8CHEDUIP 
Celling mattrlnl 


Floor material 


Wall material 


INSULA TIOX SCHEDULE— Continued 
Ceiling material 


Floor material 


Code 

Tblekness 

Tjpe 

Room 

temperaturo 

Thickness 

Type 

Room 

temperature 

Thickness 

Type 


Jt\. 



Jfi 


“F. 

In 


A,. 

1.5 

Kjpanded 

72 

i s 

Exiundccl 

72 


None 



polystyrene. 



polystyrene 





3 0 

cIo,_. 

50 

5.0 

do 

59 

1.5 

Expanded 









polystyrci 

D 

3,6 

do 

40 

6 5 

,:--..cIo 

40 

3 5 

Do, 

r 

6.0 

Fibrous glai>s 

25 

8 0 

Fibrous glass. 

25 

5 5 

Do 

G 

10.5 

- do., 

-10 

12 5 

do 

-Id 

10.0 

Do 

I 

2.0 

Fxpanded 

-20 

13 U 

do 

-20 

Il.O 

Do 


Boom Room 

Thickness Tjpe temperature Thickness Typo tomppratme Thickness 


polystyrene,. 

do 

titi 

tlo 

do 

Fibrous glass 

do 

do 


KOTES: 

h Insulation thicknessos have not been subtracted from dimensions sliown. 

2, HumidiUcs sho^vn aro minimum requirements. 

3 Celling hDlght Is 20 feet in all areas except In firms 21-2. 21-3, 24-2, and 24-3, whero height Is 10 feet. 

4, In the condensing unit model numbers, the first number Is tho horsepower of unit and tho second number Is tho 
type refrigerant used in unit. 
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FRONT PLATFORM 



□ .-air-handling unit 


Figure 22, — Situation I, Building No. 4 (groceries with fruits and vegetables) > floor plan and refrigeration equipment location. 


RRFRIQERATION SC1IEDUI.E 


Item 


Firm 30 


Firm ai 


Firm 33 


Room 1 Room 2 Hoom 3 Room 1 Hoorn 1 Room 2 


Refrigeration 

RefrlgcTfiUoii load 

B.t.u /hr- 

73,t>7Q 

7fi,883 

Eoiilpment 

Air-hftudling unit: 

Model No 

A 11-7 

AIMO 

Rfttlng-.B.tu./hr./'’ F- 

G.QOa 

6,420 

12,500 

Air volume o.f m- 

10. 600 

Fan motor. 

No, required 

3 

3 

Rlzo hp- 

1/2 

1/2 

Typo of defrost 

Air 

Hot gas 

No. of units required 

1 

2 

Condenslnc unit* 

Model No 

cu.ri-12.. 

.,CU.7id2 

No. of units required— 

2 

2 

Totli! operating kw 

10.3 

ll.fi 


47,608 

77,886 

80, 024 

34,434 

AH-O 

3,770 

7,480 

AH^IO 

0,420 

12,600 

AH-10 

0,420 

12, 500 

AH.9 

3,770 

7,480 

3 

1/4 

IIOt^gQS 

3 

V2 

Hot ges 

2 

3 

1/2 

Hot gas 

2 

S 

1/4 

Hot gas 
l 

CU-6-22 

3 

13.4 

GU-7^12 

11,8 

CU-7H2 

2 

13.2 

CU-71-22 

2 

0.8 


INSULATION SCHEDULE 


Coiling material Floor matorlol 

Wail material 

Code Room Room 

Tlileknesg Typo tomperaturo Tlilckness Typo teniporatiiro Thickness Typo 


B..., 

E.... 

Q-.. 

jr.-., 

M-l.. 

O.- 

0-4- 


In, 

3.0 

6.0 
10.5 

5.0 

Expanded 
polystyrene. 
Fibrous glass. 

do 

Expanded 

“F. 

50 

32 

-10 

In. 

6.0 

7.6 

12,5 

Expanded 
polys tyroue 
Fibrous glass. 
do 

"F. 

50 

32 

-10 

In. 

1 5 

5 0 
10.0 

Expanded 

polystyrene. 

Do. 

Do. 

8 0 
4.6 

polystyrene. 
Fibrous glass... 
do.. 







13.0 

......do ... 







8.6 

do 








NOTE^: 

1. Insulation tlUoknessca have not hcon snbtrnotctl from dimensions shown 

2. Humid Ittos shown oro minlimnn rcanlroments. 

3. Colling height Is 20 foot ill all areas 

4. In tho coiidoualng unit model numbers, the Arst number In the liorsopower 
typo refrigerant used in unit. 


ol unit and the second number Is the 
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includes a plan, eciuipment schedule, refrigeration load schedule, and insulation 
schedule. 

The insulation as shown on the drawing and as listed in the schedule was selected 
as described previously. The air-handling units and condensing units represent 
typical units that Nvould meet each application. 


tion I is $309,157 for the base proposal and $297,361 for the alternate p 
(table 12). The difference in cost between the base and alternate proposa s 
minor in relation to the entire market, The low additional cost for the base p 
seems well justified, with its added protection against equipment failures am 
tial losses from product spoilage. 


An Alternate System Proposal 

An alternate condensing unit selection is proposed on the basis of an absolute 
minimum cost. In most applications this means that only one condensing unit is 
selected per refrigerated space. When a firm has more than one refrigerated room, 
however, the same refrigerant can be used in both systems so that cross-connections 
can be made to provide partial refrigeration in case of emergency. 

The alternate unit selections are not shown on the drawings, but are listed m 
the cost summaries and bills of materials to illustrate a cost comparison (tables 23 
through 27). 

The main disadvantage of the alternate proposal is the loss of refrigeration in 
case of compressor failure witlun the single condensing unit. 


Equipment Costs 

The interconnecting piping, piping insulation, and unit installation costs are 
proportioned between the air-handling units and condensing units. Each piece of 
equipment is complete as described under the introduction to Situation I and in the 
specifications. 

Table 23 lists all firms, with their iiuhviduat room-temperature requirements; 
the air unit and condensing unit selections, with the required quantity of each; and 
the total installed cost for the quantity of units required. 

TJie alternate unit selections, with their installed costs, are also included in 
table 23. Note that the alternate .selections affect only the condensing units, not 
the air-handling units. A still lower price is listed in the table for the alternate unit 
selection should semihermetic condensing units be chosen. 

The following model number designations are used on the drawings and data 
sheets and in the table for both the original and alternate selections: 

ATf-7. AH = Air handling unit (evaporator unit) 7 - model number. 

CU 5--12. CU = Air-cooled unit A -= Conipres,^or horsepowei. 12 = Type 

refrigerant. 


Suniinary of all Costs 

The total installed cost for tlie refrigeration equipment and insulation (including 
refrigeration doors) for Situation I is §931,598 for the base proposal and $882,972 
for the alternate proposal. The total annual owning and operating cost for Situa- 


Table 12. — Situation /, costs of refrigeration systems ^ by building 
[Air conditioning not included] 




Building No. 


1 

c 

Expenses of refrigeration - — 
.system 

1 

2 

3 

4 

bi 

Installed cost; 

Refrigeration equipment: 

Dollars 

Dollars 

Dollars 

Dollars 

1 



142,607 

184,269 

161,209 

47,831 

5 

Alteniate 

132,744 

169,330 

141,234 

43,742 

4 

Insulation (including doors) 

97,404 

132,378 

129,852 

36,288 

3 

Ba.Ke 

240,071 

316,647 

291,061 

83,819 

9 

Alternate, 

230,148 

301,708 

271,086 

80,030 

8 

Annual owning and 

operating co^t's. 

Amorl Nation of lefrigera- 
tion equipment (10 

yr^ (g'C^7)' _ _ 

Ba«.e 

19,386 

25,037 

21,903 

6,458 

i 

Alternate.. 

18,030 

23,007 

19,189 

5,943 

( 

Maintenance of refrigera- 
tion equipment 
(lO'^/yr.) 

Base 

14,267 

18,427 

16,121 

4,753 

5 

Alternate.. 

13,274 

16,933 

14,123 

4,374 

4 

Amortization of insula- 

tion (20 yns (m 6%). 

S,492 

11,541 

11,320 

3,164 

3 

Maintenance uf insula- 

tion (2%/yr ) 

1,048 

2,648 

2,598 

726 


Insurance 

Bose... 

435 

573 

527 

152 


Alternate 

417 

546 

491 

145 


Taxes: 

Base 

1,172 

1,545 

1,420 

409 


Alternate 

1,123 

1,472 

1,323 

391 


Electric power cost 

38,691 

42,647 

38,173 

14,626 

13^ 

Base - 

84,389 

102,418 

92,062 

30,288 

301 

Alternate 

81,981 

98,794 

87,217 

29,369 

297 
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An actual worksheet used in calculating the insulation costs, power consumption, 
and electric power costs for eaeli firm is included in the section on cost comparisons 
(table 22). Total costs, by firm, for refrigeration equipment, insulation, and owning 


SITUATION II, ONE CENTRAL 

A central refrigeration system consists essentially of a single, relatively largo, 
cooling equipment installation capable of supplying the necessary refrigerant to 
all the individual chilling and cold-storage areas. In Situation II, one central 
system handles all four buildings. 

The various facilities described within the building complex have different 
refrigeration requirements, in regard not only to capacity, but also to temperature. 
Two different operating temperature ranges are required: to — 20‘^F. for 

freezers, and 32® and above for storage and chilling. 

The basic design is a pump-feed liquid-ammonia recirculation system with an 
equipment building located at about an equal distance from all four buildings 
(fig. 23). Ammonia pumps are used to circulate the liquid to each of the four 
buildings at two different pressure levels, with each flow being metered both at 
the building and whore it enters the individual Arms. The amount of liquid fed into 
the evaporator is usually several times the amount that is actually evaporated 
in the coil and, therefore, liquid is always present in the suction return to the 
accumulators, 

This type of system was chosen because (1) it simplifies the controls on the air- 
handling unit within the refrigerated space; (2) it allows better utilization of 
evaporator surface area, since refrigerant is in 100 percent of the coil; (3) superheat 
is not required; (4) the oil return is simpler than that of a direct-expansion system; 
and (5) a liquid-recirculation system is more economical than a brine system. 

The office areas are heated in the winter and air conditioned in the summer, using 
the central refrigeration equipment. See the applicable part of the section on air 
conditioning and heating for a complete list of eciuipment selections and costs for 
Situation II and for deductions if air conditioning should be omitted. 

Equipment Selection and Operation 

The theory of operation and the components selected for the central system 
application can best be understood by reviewing the refrigerant-flow diagram 
(fig. 24). Figure 26 illustrates the physical location of this equipment within the 
central equipment building. 

Compressor No. 5, rated at 30 horsepower, and compressor No. 6, rated at 75 
horsepower, are the boosters that handle the low-stage space refrigeration loads. 
These two units, operating in parallel, provide 2 percent excess capacity. 


and operating costs are listed in tables 24 through 27 of that section for Buildings 
1, 2, 3, and 4, respectively. 


SYSTEM FOR FOUR HUILDINGS 

Compressors Nos. 1, 2, and 3, rated at 200 horsepower each, and compressor No 
4, rated at 125 horsepower, are the high-stage units. They handle the high-stag< 
space refrigeration load, the heat rejected by the low stage, and the air-conditionin| 
load. These four units, operating in parallel, are 5.6 percent short of the tota 
capacity; but since no diversity factor is used and the air-conditioning load ii 
seasonal, they are acceptable. 

Compressor No. 4 is piped up as a swing unit; that is, it can be used on the lov 
stage in an emergency. If compressor No, 5 should become inoperative, 73 perceii 
of the low-stage capacity could be maintained; or if compressor No. 6 shouh 
become inoperative, 100 percent of the low-stage capacity could be maintained 
Duplicate controls for low-stage operation are required to make this compresso 
a swing unit. 

If compre.ssor No. 1, 2, or 3 should cease to operate, 68,4 percent of the high 
stage load could be maintained; while, if compressor No, 4 should be shut down 
78.2 percent of the high-stage load could be maintained. 

A separate compressor is not used for the air-conditioning system. 

Standby pumps are included in the low- and the high-stage ammonia circuiti 
and the air-conditioning/heating circuit. See table 33 for a description of al 
components. 

The air-lianclling units are selected on a temperature differential of 7* to 10® F. 
except in the freezers, 72® rooms, and dry 50® rooms, where a maximum temperature 
differential of 15® is used. The selections are made for peak summer condition 
and maximum product loading. Separate humidification equipment is not re 
quired when these temperature differentiala are observed, since 85 to 90 percen 
relative humidity can be mainlained in these short-term storage areas by thi 
standard air-handling units selected at these specified temperature differentials. 

Floor Plans and Air-Handling Equipment Layouts 

Figures 26, 27, 28, and 29 illustrate the floor plans and air-handling equipmen 
layouts for Buildings Nos. 1, 2, 3, and 4, respectively. The equipment schedul 
lists the air-handling units by model number, along with the operating oharaoteris 
tics of each typo of unit. The source of refrigerant for the air-handling units mus 
be traced back to the central equipment building, as illustrated in the plot pla 
(fig. 23) and the equipment building layout (fig. 25). 


{Text coniinutd on pane 44 
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BUILDING NO. 1 
FRESH FRUITS & VEGETABLES 


BUILDING NO. 2 
MEAT & MEAT PRODUCTS 
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BUILDING NO. 3 
POULTRY & EGGS 


BUILDING NO. 4 
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Scale of Feet 
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Figuhe 23.— Situation II, plot plan of food distribution center, 
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Figure 24, — Situation II, refrigeronfe flow diagram. 
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NOTE; 

SEE TABLE 33 AND SPECIFICATION C FOR DESCRIPTION 



aow STAGE EfOUID -28 F 
-HG- „H0r GAS 


Figuhe 25 —Situation II, central system equipment building layout. 
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REAR PLATFORM 



LEGEND 

□..-air-handling unit 


Riqurb 20, — Situation II, Building No. 1 (fresh fruits and vegetables), floor plan and air-handling equipment layout. 


RBFRIOERATION SCnfiDULE 



Firm 1 

Firm 2 

Firm 3 

Firm 4 

Firm 5 

Firm 6 


Firm? 


Firm 8 

Firm 0 

Firm 10 

Item 


Room i 

Room 1 

Room 1 

Room 1 

Room 1 Room 2 

Room 1 

Room 1 

Room 2 

Room 3 

Room 1 Room 2 

Room 1 

Room 1 

Room 2 

RofrlKorntlon loud.. 

H.fc.u./hr-. 17,800 
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lOO, 706 

175,370 

05,034 103,780 

302,655 

05,034 

103.780 

140,560 

111,706 72,804 

480,780 
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KQinrMKNT SCHEDULE 








mSULATlOM SCHEDULE 







Model 





Wall material 


Celling material 


Floor material 


AII-2IIX 

AH-6RX AII-ORX AII-7nX 

AIM3RX 

AH-HRX 





Room 


Room 



Air handling unit: 








Oodo 

Tblckncss 

Typo 

temperature Tbioloioss Typo 

temperature 

Thickness 

Typo 

Haling 








Jn. 


“F, 

In. 

•F, 

In. 


B.Ul./" F.. 

1,430 

2,000 

4,330 7.600 

7, 600 

12,500 


D 

2.0 

Expanded 

60 

3,0 Expanded 

50 

1,0 

Expanded 

Air volume 
„ o.rni.. 

1,510 

4,300 

0, 500 10, 500 

11,000 

18,300 


O 

2.0 

polyatyreno. 
do 

46 

polystyrene. 
3,6 do 

45 

1,6 

pol^tyroDo. 

Fan: 







D 

2,0 

do 

40 

3.6 do 

40 

2,0 

Do, 

No. required... 

1 

2 

3 3 

3 

6 


B 

2.5 

—....do...... 

32 

3.5 do 

32 

2.6 

Do, 

BIro., III.. 

10 

10 

10 18 

18 

18 


J 

8.0 

do 






Fan motor: 







K 

3.0 

do 






No. roqiilrcd- — 

1 

2 

3 3 

3 

5 


L 

3.5 

„do 







1/16 

1/4 

1/4 1/2 

1/2 

1/2 


M 

3. 5 

do 






Tyi>o of defroat... 

Air 

Air 

Air Air 

Hot gas 

Hot gaa 



2,0 

do. 






No. ortin Its required 

1 

1 

2 10 

4 

3 











NOTE&: 

1. Insulation ihlokiiossoa linvo not boon subtracted from dlmonslons shown. 

H, inimldltlos shown aro minimum requiremonta. 

3, OolllnR lielirht is 20 fcot In all areas except In tbo refrigerated spacca of firms 1 and 2 wlicro liolgbt Is 10 fcot. 

4. Tim designation In the alrdiandling unit model moans ^'rcelrGiilaiod liquid ammonia.’^ 
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LEGEND 

□ — AIR-HANDUNG UNIT 


Figure 27, — Situation II, Building No. 2 (meat and meat products), floor plan and air-handling equipment layout. 
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EQUIPMENT SCIILDULE 






Model 
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AlI-llRX 

AIM2RX 

AH-ranx 

AH.J4RX 

AH-J6KX 

AFMORX 

AH-17RX 

Alr-handllngunit 
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Fan motor 
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13 

2 

1 

3 

2 

10 

4 

8 


■Centrllugal 


IN3UL4TJOKSCIIEDULE 
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do 














NOTES. 

1. Insulation tlilDktiGsse:> have not bean subtracted from dimensions shown. 

2. Homiclitles shown are ininimiim redulromcnts 

3. 50" F. rooms arc work areas for cutting, boning, paokaging, and order assembly operations. 

4. Celling helglit Is 12 feet In all areas. 

5 The "RX'^dcslgnatlon In the alr-bandllng model numbers means ^'recirculated liquid ammonia." 
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REFRIGERANT PIPE 

□ —air-handling unit o"’"To 2 0 30 40 50 

Figure 28. — Situation II, Building No. 3 (poultry and eggs), floor plan and air-handling equipment layout. 
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EQUIPMENT SCHEDULE 






Model 






AII-2UX 

AH-3BX 
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An-121lX 

An-13RX 
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Airdiandling unit: 
Bating 
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6 

1 
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notes: 

Ic Insulation tlilckiiesses have not been subtrooted from dlracnalons shown. 

2, Ilunilclltlos shown aro minimum requlromcnts. 

3, Cell lug height Is 20 feet In all areas except in firms 21-2, 21-3, 21-2, and 21-3, where height ts 10 feet. 

4, The '*RX'^<lca!eiiatlon In the alr-handllng unit model moans '^recirculated liquid ammonia " 
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LEGEND 

□ —AIR-HANOUNG UNIT 


Figure 29. — Situation II, Building No. 4 (groceries with fruits and vegetables), floor plan and air-handling equipment layout. 


KEPRIOEBATION SCJIEDULE 


Item 


Firm 30 


Firm 31 

Firm 33 

Room I 

Room 2 

Room 3 

Room 1 

Room 1 

Room 2 

RefrlgerflUon load 

B.t.u /hr— 

77, 865 

81,011 

62,260 

86,833 

95,368 

38,537 


E<IU1PMENT SCHEDULE 

Model 

AH-7RX AH-l2aX AH-HRX 


Air >h and! Lug unit* 

Rating ]3.t.urF-- 7,600 4.730 12, 

Air volume ctm,- 10,600 7,450 18,300 

Fani 

No required - 3 3 6 

Size in.. 18 16 18 

Fan motor. 

No. reiiulTcd - 3 3 5 

Slwj bp.. 1/2 1/4 1/2 

Type of defrost Air Hot gas Hot gas 

No or units required — 123 


B. Insulation thicknesses have not been subtracted from dimensions shown 

2. Humidities shown are minimum requirements. 

3. Celling height l3 20 feet In all areas. . . , . 

4. The “RX'' designation In tho alr-handllng model numbers means ‘'recirculated liquid ammonia. 
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Room Room 

Type tempernturo Thickness Type temperature Thickness 


Tyi 


B 

E 

O 

J 

M 
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do 

Fibrous glass. 
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60 

32 

-10 

In 

3 0 

3 5 

0 6 

Expanded 

polystyrene. 

do 

Fibrous glass. 

50 

32 

-10 

In, 

1 0 

2.5 

6.6 

Expar5d< 

polyst) 

Do. 

Do. 

polystyrene 
.,.do,— 







2 0 

do 







7 0 
4.5 

Fibrous glass—. 
do 
















Summary of all Costs 


Equipment Costs 

The cost of the interconnecting piping, with its insulation and installation costs, 
IS proportioned between the air-handling units and the central engine room. 

Table 33 lists all the equipment used in the central-system equipment building, 
along with unit costs. Table 34 lists the air-handling equipment and unit costs for 
the four buildings. 


The total installed cost for the refrigeration equipment and insulation (includ 
refrigeration doors) for Situation II is $893,277. The total annual owning c 
operating cost for Situation II is $190,941 (table 13). 

Information used to arrive at these final cost figures is included in tables 
through 31 shoiving insulation costs and power consumption (kw.-hr,/yr.) cau« 
by transmission heat gains in Buildings Nos, 1, 2, 3, and 4, Table 32 shows 
tabulation of power consumption and electric power costs in Buildings Nos. 1, 2, 
and 4, 
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Table 13 


■tiilualion II, installed cosls and annual owning and operating costs for alt buildings 


Installed cost 

I^lxpcnses (if refriKeiaiion system » Laboi cost including labor 


Equipment and insuIaUoii costs* Dollars Dollars 

Air-lmiulUiiff niiiUs 48,254 *197,645 

Pipe in sul at Kill (outside ciiKine room) 17 ojo 51 q20 

Centml engine loom and piping 24,700 *170 800 

Pipe and shell insulation (in engine room) „ 6,067 2o[oOU 

Air conditioning (four odico areas). 21 ,480 6o|888 

Pipe inmilation (air coiufitioiiing).. 3,470 10 400 

Ould-slorngo room insulation lU^ t)<)4 265,389 

Cold-Htorago ream doors. . 78,885 

Uofngermil metering dcj vices 38,250 


Total ioKtulled eost. 233,575 *893,277 


» Hefilgoration load, higli-slage 358.6 TH. 

Uofrigemtion load, low-stage... 103,3 TR. 

Aii-condilioiiing load 120,0 TR. 


Annual owning and opeiating costs* 

Amortization, capital cost (20 yr. 

Maintenance, ins ill alien (2%/yr,) 

Maintenance, refrigeration, on contract basis 

Maintenance, air conditioning, on contract basis ^ 

Insurance, $1.81 /thousand adjusted 

Taxes, 84.88/ thousand adjusted.. 

Electric power cost 


Total cost 

893,277 X 0 08718 77,876 

344,274 X 0.02 6,885 

20,500 

2,688 

893,277 X 0.00181 ^ 1,617 

893,277 X 0,00488 = 4,359 

77,016 


Total annual owning and operating cost. 


190,941 


* Includes proportionate share of interconnecting piping casts 

’ If office areas are not to be air conditioned, $18,620 can be deducted from this hgure, and 
related owning and operating coats will be lower. 


SITUATION III, ONE CENTRAL SYSTEM FOR EACH OF FOUR BUILDINGS 


In Situation II, one central refrigeration system was proposed to handle all four 
buildings; but in Situation III, one central refrigeration system is proposed for 
cacb of the four main buildings. 

The basic system design for Buildings Nos. I, 2, and 3 is again a pump-feed 
liquid-ammonia recirculation system with ammonia pumps that circulate the 
liquid tbrougliout each of the buildings at two different pressure levels. The re- 
frigerant flow is metered where it leaves the central equipment room and again 
wlicro it enters each individual firm* 

The refrigeration system for Building No* 4 is designed as a directrexpaiision 
ammonia system because of the small refrigeration requirement. The total load 
in this building is 27*7 tons high stage, 7.2 tons low stage, and 30 tons of air con- 
ditioning. 

All central cciuipmcnt rooms arc located in spaces 9 feet high underneath the 
rear platforms (fig. 30). 

The office areas are heated in the winter and air conditioned in the summer by 
the central refrigeration equipment. See the applicable part of the section on air 
conditioning and heating for equipment selection and costs for Situation III, and 
for deductions if air conditioning should be omitted. 

Equipment Selection, Operation, and Cost Summary 

The air-handling units are selected for a temperature differential of 7° to 9° F., 
in the freezers, 72° rooms, and dry 60° rooms, where a maximum of 16^ is 


used. Selections are based on peak summer conditions and maximum product 
loading. Separate humidification equipment is not required, because 85 to 90 
percent relative humidity can be maintained in these short-term storage areas 
with the standard air-handling units as selected. The refrigeration. loads within 
the conditioned spaces are slightly less than in Situation II because of the increased 
thickness of insulation in certain areas. 

The evaporative condensers are installed inside the equipment room under the 
rear platform. They exhaust air that is drawn through the equipment room, thus 
helping to ventilate this room in the summer. During winter, a good part of the 
condenser heat is used to heat the office areas. 

Separate compressors and condensers are not used for air conditioning and 
heating duty, because it is more economical to incorporate these requirements into 
the refrigeration-equipment selections. 

The cost of the interconnecting piping, with its insulation and installation costs, 
is proportioned between the air-handling units and the central engine room. 

Tables 43 through 46, in the section on cost comparisons, list all the equipment 
used in each building, along with unit costs. 

Building No. 1 (Fresh fruits and vegetables) 

To understand the theory of operation and the components selected for Building 
No. 1, see the refrigerant-flow diagram (figure 31), and the physical layout of the 
central-system components (figure 32), 

Building No. 1 has only a high-stage load and air-conditioning load, since all 
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BUILDING NO. 1 BUILDING NO. 2 

FRESH FRUITS & VEGETABLES MEAT & MEAT PRODUCTS 



PARKING 


PARKING 



BUILDING NO. 3 
POULTRY & EGGS 

CENTRAL STATION EQUIPMENT ROOM 
(LOCATED UNDER REAR PLATFORM) 


BUILDING NO. 4 
GROCERIES 

0 50 


Figure 30. — Situation III, plot plan of food distribution center. 


storage spaces are 32° F. and above. The four compressoi’s operating in parallel 
fall 5 percent short of meeting the maximum load requirements. However, a 
diversity factor was not used and the air-conditioning load is seasonal, which 
makes the balance between tliese four units acceptable. 


If compressor No. 1 or 3 should fail to operate, 75 percent of the load ( 
maintained by the other three compressors; or, if compressor No. 2 or 4 
become inopemtiye, 69 percent of the capacity could still be maintained. 

A standby liquid-ammonia pump and water pump are provided. 



refrigeration systems for urban pood distribution centers 
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'I'hc flooi- plan for builrliiig No. 1 is shown in figure 33. 

Table 14 gives a sumiTiary of all installed costs and owning and operating costs 
nece.ssury to moot the refrigeration reciuirements for the fruit and vegetable dealers. 

Other iipprojiriato information used to arrive at these final cost figures is in- 
cluded in the section on cost comparisons. Table 35 shows for Situation III, 
; Building No, 1, insulation costs and power consumption (kw. hrs./yr.) caused by 
I trnnsmisaion-heat gains. Table 31) shows power consumption and electric power 

j costs, ^'ablc 43 is the bill of materials and unit co-st. 

i 

I litiildirig IWa. 2 (Aleats and meal products) 

^ The refrigorant-flow diagram (fig. 34) and the central equipment room illustra- 
tion (fig. 35) show the operation anti components selected to meet the refrigeration 
rcf| iiiremonts of Building No. 2. 


MAIN LINES 



T.vble M. Siiuntton HI, Building No. I, installed costs and aminat ownuig and 

operating costs 


Expen^tes of refrigeration system® 


Equipment and inbulntion costs 

Air-handling units 

Pipe insulation (outride of engine room).. 

Central engine room and piping 

Pipe and shell insiilatinn (m engine room) 

Air conditioning (office area) 

Pipe insulation (air eonditioningj 

Cold-stoi'nge room insulation 

Cold-storage room doors 

Refrigerant metering devices 

Total installed cost 


Labor cost 

Installed cost 
including labor 

Dollars 

Dollars 

11,050 

*51 , 665 

2,055 

8,000 

6,370 

^53,4311 

1,335 

4,000 

5,370 

15,222 

865 

2,600 

33,057 

74,019 



17,600 


8,000 


Cl),0S2 ^235,526 


Annual owning and operating costa 

Amoitization, capital cost (20 yr. 6%) 

Maintenance, insulation (2%/yr.) 

Alaiiitenance, refrigeration, on contract ba^sls 

Maintenance, air conditioning, on contract basis 

Insurance, SI .81 /thousand adjusted 

Taxes, 84.88 /thousand adjusted 

Electric power cost 


Total cost 

235,526 X 0.08718 = 20,533 
91,619 X 0.02 1,832 

8,565 
672 

235,520 X 0.00181 == 426 

235,526 X 0.00488 = 1,149 

29,364 


Total annual owning and operating cost 


62,541 


> Refrigeration load 167.9 TR. 

Air conditioning load 30.0 TR 


2 Includes proportionate shaie of interctmnecting piping costs. 

3 If office aieas are not to be air conditioned, $5,180 can be deducted from this figure, and re- 
lated owning and operating costs will be lower. 


A pump-feed liquid-ammonia recirculation system is used to handle the low- 
and high-stage refrigeration pads. Two ammonia pumps and one water pump are 
provided for standbys. 

Compressors Nos, 4 and 5, booster compressors operating in parallel, are G per- 
cent short of meeting the full-load low-stage capacity; but a diversity factor was 
not used, whicli makes this combination acceptable. 

Compressors Nos. 1 and 2 handle the high-stage space refrigeration load, the air- 
conditioning load, and the heat rejected by the booster compressors. These two 
compressors provide a capacity slightly in excess of the maximum that would be 
required at full load. 

Compressor No. 3 is a swing unit capable of operating on either the low or high 
stages. If one of the high-stage compressors sliould become inoperative, a minimum 
nf 74 percent of the high-stage capacity could still be maintained. If one of the 

(TiJt i^antinmd on page ££ ) 


Flour ' .81 — Si* finn ITT* Building No. 1, refrigerant-flow diagram. 




48 


mahketing research report no. 921, tJ.s* department op agriculture 



NOTE: Stt TABLE 43 AND SPECIEICATION C FOR DESCRIPIION, 


LEGEND 

JNSUIATEO LINES 
-SH-.. HIGN‘STAGE SUCTION 20* F 
-IN- HIGH-STAGE LIQUID 
^HG-^ HOT GAS 



Figure 32, — Situation III, Building No. 1, central-system equipment room. 



REAR PLATFOflM 
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PiaunE 33. — Bitimtion III, Building No. 1 (fresh fruits and vegetables), floor plan and air-handling equipment layout. 


REFRIGERATION 8CHEDULE 


Horn 

Firm 1 

Firm 2 

Firm 3 

Firm 4 

Firm 5 

Firm 0 


Firm? 


Firm 8 

Firm 9 

Firm 10 

Room 1 

Room 1 

Room 1 

Room 1 

Room 1 

Room 2 

Rooni 1 

Room 1 

Room 2 

Rooms 

Room L 

Hoorn 2 

Room 1 

Room 1 

Room 2 

RofeiKerntiou load-.-lJ.t.u./hr... 

17,701 

10,337 

167,405 

174, 230 

03, 107 

102.320 

297,265 

93. 107 

102,320 

137,310 

100,215 

71,819 

472,620 

108.833 

69,791 


KQUirMENT SCHUDUM: 


maUE-ATIOX SClIEDtJLE 


iKoin 


Model 

AII-2UX AH.SUX All flRX AH TRX AH-mX AIM4IIX 


AIt voUitiio c.t.ra-, 

Fon: 

No. rcrjiUrcd 

filRO ill— 

FflU motor. 

No. rcfiulrcd— 

Sle* lip— 

Tyjvo of defrost 

No. of tiiUts rc(iiilrc(l.«. 


1,430 

2,000 

li6I6 

4,300 

1 

2 

10 

10 

1 

2 

1/16 

1/4 

Air 

Air 

1 

1 


4,330 

7. 600 

0, 600 

10,600 

3 

3 

10 

18 

3 

3 

1/4 

1/2 

Air 

Air 

2 

10 


7,600 

12,600 

11,000 

18,300 

3 

6 

18 

18 

3 

6 

1/2 

1/2 

Hot gas 

Hot gas 

4 

a 


Wall material Celling material 


Floor material 


Room ^ „ 

Code Thickness Typo temperature Thickness Typo temperatare Thickness Type 


B.. 

O, 

D. 

E- 

J- 



rn 

2,0 

2.6 

2.6 

3.0 

Expanded 

polystyrene. 

do 

_ . .do 

* F. 

50 

45 

40 

32 

/n. 

4 0 

4.0 

4 0 

4 0 

Expanded 
polystyrene. 
..-.—do.—-— 
do 

•F. 

60 

45 

40 

32 

In. 

I.Q 

20 

2.5 

3.0 

Expanded 

pol'gtyrone. 

Ho.* 

Do. 

do 

do 

do.. 


«. o 

3. 5 

^ do...... 







4*0 

11— —doling I— 







4*6 

do.,-—-., 







2.6 

Illllldolllll.— 









1. Insulation thicknesses have not been subtracted from dimensions shown. 

2. Humidities shown arc minimum requirements. , ^ ^ v*!*!,* 

3. Celling height Is 20 feet In all areas except In the refrigerated spaces of firms 1 and 2 where height is lO feet. 

4. The “RX'* designation in the air-handling unit model means ^'recirculated liquid ammoaLa. 
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LEGEND 

I HI6H-STAGE METER 

V INTO EACH FIRM 

I HIGH-STAGE METER 

V FOR BUILDING 

I LOW-STAGE METER 

0 into each firm 

1 LOW-STAGE METER 
@ FOR BUILDING 

0 OIL SEPARATOR 

@ AIR-HANDLING UNIT 

fXl VALVE - OPEN 

M VALVE - CLOSED 

AC AIR CONDITIONING 
M VALVE 

M heating VALVE 
@ THERMOSTAT CONTRl 
© HIGH-STAGE SUCTION 


Fiquhe 34 —Situation III, Building No. 2, refrigerant-flow diagram. 
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CONTINUOUS 

HIGH PRESSURE WATER CHILLER AUTOMATIC 



NOTE SEE TABLE 44 AND SPECIFICATION C FOR DESCRIPTION 


-Sl^ LOW-STAGE SUCTION *28’ F 
-LH- HIGH-STAGI LIOUIO +20 'F 
-LL- LOW-SIAGE LIQUID -28 ’F 
-HG- HOT GAS 


Feal 


0 3 6 


Figure 35, — Situation HI, Building No. 2, central system equipment room. 
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□ -AIR-HANDIING UNIT 

Fioure 38. — Situalion HI, Building No. 2 {meat and meat products), floor plan and air-handling equipment layout. 


REFttKJEHATION SCHEDULE 


Item 

Firm 11 

Firm 12 


Firm 13 



Firm M 



Firm 15 


Firm 16 


Firm 17 



Firm 18 


Room J Room 2 

llOODl 1 

Room 1 

Room 2 

Room 3 

Room 1 

Room 2 

Roam 3 

Room 1 

Room 2 

Room 3 

Room 1 

Room 2 

Room 1 

Room 2 

Room 3 

Room 1 

Room 2 

Room a 

Carcass meat Pet.- 

100 

75 

75 



60 



85 



100 








Packaged meat. ..Pet... 


26 

25 


100 

50 

117,442 


100 

138, 629 

860 

IS 


100 


JOO 


100 

100 


100 

Kcirigeratlon load 

B.Uu./hr.. 
Frcealng capacity 

Ib./hr.-, 

34,879 35,437 

93,717 

82, 835 

71,892 

74, (tea 

430 

82, 010 

il4, 742 

76,380 

173,736 

1,200 . 

82,835 

79,893 

76,801 

41,808 

73, 669 

430 . 

44,759 

28,829 

7dj 519 

430 


EQVIPUENT SCHEDULE 


Item 




Model 





AK-3RX 

AH*11RX 

AH-12RX 

AIM3RX 

Air-14RX 

AH-ISBX 

AIM6RX 

AH-17RX 

Air •handling unit: 

Ratiug.„R.t.ii. “ F- 
Air volume— .c fiu— 
Fan* 

No, requtrcil 

2, (MO 

3,140 

4,730 

7,600 

12,500 

2.160 

2, 500 

2, 850 

2,276 

4,650 

7,460 

11,009 

18,300 

3,300 

2,000 

3. 700 

2 

2 

3 

3 

5 

*1 

U 

»I 

&l2C- - In.. 

14 

18 

16 

E8 

18 




Fan motor: 

No required 

2 

2 

3 

3 

6 

1 

1 

1 

31*0 — hp— 

1/15 

Air 

1/4 

i/'* 

1/2 

1/2 

1/4 

1/2 

1 

Type of defrost 

Hot gas 

Hot gas 

Ifot gas 

Jlot gos 

Hot gas 

lint gas 

Hot gaa 

No. of units rciQuired 

13 

2 

1 

3 

2 

10 

4 

s 


^ Centrifugal. 


iKfiULATlON SCHEDULE 


Wall motcrlal Celling material Floor material 


Code 

Thickness 

Type 

Room 

temperature 

Thickness 

Typo 

Room 

temperature 

Tblcknes.s 

Type 


/n. 



In. 


^ F 

In 


B 

2 0 

Expanded 

59 

4 0 

Expanded 

50 

1 0 

Expanded 



polystyrene. 



polystyrene. 



polystyrom 

E 

3.0 

do. 

32 

4 0 

do., — 

32 

3.0 

Do. 

Q 

7 0 

Fibrous glass. 

-10 

8.0 

Fibrous glass 

-10 

0 6 

Do. 

M-1— . 

2.5 

Expanded 









iwlystyrone, 







0-2 

G 5 

Fibrous glass,, 







0.4.,... 

5 6 

do 








NOTES 

K Insulalion Uitclciicsscs liaraitot bean subtracted from dlmcaslous sboivn. 

2, Humidities shown arc minimum requirements. 

3 60“ F, rooms are work areas for cutting, honing, packaging, and order assembly operations. 

4. Cclllag height Is 12 feet In nil areas. 

5. Tlio designation in tho air-ban dilng model numbers means ‘‘recirculated liquid aimnonla 


loAV-stage units should be out of service, the swing unit would help to maintain up 
to 80 percent of the low-stage capacity required. Duplicate controls are required 
by compressor No. 3 to convert it into a swing unit; however, this small additional 
cost gives excellent protection against an emergency breakdown. 

The floor plan and air-handling equipment layout are shown in figure 36. 


Table 15 contains a summary of all installed costs and owning and operating 
costs needed to meet the refrigeration requirements for the meat and meat-products 
dealers. 

Other appropriate information used to arrive at these final cost figures is in- 
cluded in the section on costs comparisons. Table 36 shows insulation costs and 
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Table l5.—Siiuaiion III^ Building No, 2y installed costs and annual owning and 

operating costs 


Expenbcs of refi igeiation system 


Equipment and insulation costs* 

Air-linndling units 

Pipe insulation (outside of engine room),. 

Cent ml eagino room and piping 

Pipe nnd shell insulation (in engine loom) 

Air conditioning (ofHce area) 

Pipe irisulnlioii (air conditioning) 

Co!d*storage room insulation 

Cold-storage room doors (per aiipendix J) 
Refrigerant nieloring devices 

Total in at ailed cost 



Installed cost 

Lnboi c{)st 

including labor 

Dollars 

Dollais 

15,100 

270,535 

5,320 

15,950 

7,000 

=60,170 

2,350 

7,050 

5,370 

15,222 

805 

2,000 

33,400 

02,215 

28,000 

11,731 




70,00r) ^312,473 


Anmiat owning and operating costs; 

Amorlisiation^ capital cost (20 yv @ 6%) 

ilainteriance, insulahon (2%/yi\) 

JIflintennnee, refrigeration, on contract basis 

Maintenance, air conditioning, on contract basis 

lofaurnnce, 31.81/ thousand adjusted. 

Taxe^, 34 .88/ thousand adjusted 

Ekctnc power cost 


Total coU 

312,473 X 0.08718 ^ 27,241 
120,215 X 0.02 - 2,404 

- 9,467 

- 672 

312,473 X 0,00181 « 566 

312,473 X 0.00488 - 1,525 

- 31,500 


Total annual owning and operating coat. 


73,375 


* Refrigeiation load, high-stage 88,6 Til, 

Refrigeration load, iow-stage 44.4 TU 

Air- conditioi lingload 30.0 TU 


* Includes propnrlionatG share of interconnecting piping costs. 

* If olficc arcus are not to be aii conditioned, $4,490 can be deducted from this figure, and 
related owning unc! operating costs will be lower. 


power consumption (kw,hr./yi\) caused by transmission-heat gains. Table 40 is a 
tabulation of power consumption and electric power costs. Table 44 gives the bill 
of materials and unit cost. 

Bfiilding l\o, 3 (Poultry and eggs) 

The refrigerant-flow diagram (fig, 37) and the central engine room illustration 
(fig. 38) show the operation and components selected to meet the refrigeration 
requirements of Building No. 3. 

Tw^o ammonia pumps and one water pump are provided as standbys to meet 
any emergency that might arise. 

Compressors Nos. 5 and 6, booster-compressors operating in parallel, are 8 per- 
cent short of meeting the full load low-stage capacity. However, a diversity factor 
was not used, which makes this combination acceptable. 


Compressors Nos. 1, 2, and 3 handle the high-stage space refrigeration load, 
the heat rejected by the low-stage units, and the air-conditioning load. Tliese three 
units provide a capacity slightly in excess of the maximum that could be required 
at a full load. 

Compressor No. 4 is a swing unit capable of operating on either the low or high 
stage. If one of the three high-stage units should be inoperative, 91 percent of the 
high-stage capacity could still be maiiitained. If either of the booster-compressors 
should fail, 80 percent of the full load low-stage capacity could be maintained. 
Duplicate controls are required by compressor No. 4 to convert it to a swing unit. 

The floor plan and air-handling equipment layout are illustrated in figure 39. 

Table 16 contains a summary of all installed costs and owning and operating 
costs necessary to meet the refrigeration requirements for the poultry and egg 
dealers. 


Table 16,—Siluaiion ///, Building No, 3, inslalled costs and annual oioning and 

operating costs 


Expenses of refiigeration system*^ 


Equipment and insulation costs. 

Air-handling units 

Pipe insulation (outside of engine room) 

Central engine room and piping 

Pipe and shell insulation (in engine room) 

Air conditioning (ofhee area) 

Pipe insulation (air conditioning) 

Cold-storage room insulation 

Cold-storage room doors 

Refiigerant metering devices 


labor cost 

Installed cost 
including labor 

Dollars 

Dollars 

17,954 

*00,375 

5,740 

17,200 

10,450 

*70,450 

2,370 

7,100 

5,370 

15,222 

805 

2,600 

34,720 

89,501 

^ 

27,395 


13,606 


Total installed cost. 


77,469 ^303, 400 


Annual owning and operating Costs: 

Amortization, capital cost (20 yr, ® 6%) 

Maintenance, insulation (2%/yr) 

Maintenance, refrigeration, on contract basis 

Maintenance, air conditioning, on contract basis 

Insurance, $1.81 /thousand adjusted 

Taxes, $4,88/thousau(l adjusted 

Electric power cost 


Total 

303,409 X 0,08718 20,451 

110,890 X 0.02 - 2,338 

- 11,060 
- 672 

303,400 X 0.00181 = 649 

303,409 X 0.00488 = 1,481 

27,948 


Total annual owning and operating cost. 


71,089 


‘Refrigeration load, high-stage C6.0 TR, 

Refrigeration load, low-stage 48.5 TR. 

Air-conditioning load 30-0 TR. 


2 Includes proportionate share of interconnecting piping costs. 

’‘If office areas arc not to be air conditioned, $7,280 Can be deducted from this figure, and 
related owning and operating coats will bo lower. 
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LEGEND 

I HIGH-STAGE METER 

V INTO EACH FIRM 

I HIGH-STAGE METER 

V FOR BUILDING 

I LOW-STAGE METER 

0 INTO EACH FIRM 

1 LOW-STAGE METER 
@ FOR BUILDING 

0 OIL SEPARATOR 

1 AIR-HANDLING UNIT 
M VALVE - OPEN 

M VALVE - CLOSED 

AC AIR CONDITIONING 
^ VALVE 

^ HEATING VALVE 
@ THERMOSTAT CONTROL 
© HIGH-STAGE SUCTION 


Fiquhb 37.— Situation III, Building No. 3, refrigerant-flow diagram. 




REFUIGERATION SYSTEMS FOR URBAN FOOD DISTRIBUTION CENTERS 


56 



KOU: SEE TABIE 45 AND SPECIFICATION C FOR DESCRIPTION 


.s-siM JNSULATED LINES 
-5H^ .HIGH-STAGE SUCTION +20<‘ F 
-SL- UOW-STAGE SUCTION -28“ F 
.HIGH-STAGE LIQUID +20“ F. 
-LL-^ ..LOW-STAGE LIQUID -28“ F. 
-HG-. .HOT OA5 



Fkiuhb 38. — Sitimtioii III, Building No. 3, central system equipment room. 


Oilier appropriate information used to arrive at these final cost figures is included 
in the section on cost comparisons. Table 37 shows, for Situation III, Building No. 
3, insulation costs and power consumption (kw.hr./yr.) caused by transmission- 
heat gains. Table 41 shows power consumption and electric power costs. Table 45 
gives the bill of materials and unit cost. 

Building No. 4 {Groceries with fresh fruits and vegetables) 

The refrigerant -flow diagram (fig. 40) and the central engineroom illustration 
(fig. 41) show the direct- expansion ammonia system selected to meet the refrigera- 
tion requirements of Building No, 4. 

Compressor No. 4 is the low-stage booster-compressor. This unit is slightly 
oversized and will provide an excess capacity of 7.0 percent. 

Compressors Nos, 1 and 2 handle the high-stage space refrigeration load, the 
heat rejected by the low-stage unit, and the air-conditioning load. These two units 
have an excess capacity of 7.3 percent under full-load conditions. 


Compressor No, 3 is a swing unit capable of operating on either the low or high 
stage, If tlie booster-compressor should break clown, compressor No. 3 can be 
switched over to maintain 100 percent of the low-stage requirement. If either of the 
high-stage units should be inoperative, compressor No. 3 can be switched on to help 
maintain 7S percent of the full-load high-stage capacity. Duplicate controls are 
required by compressor No, 3 to enable it to operate as cither a low- or high-stage 
unit. 

The floor plan and air-handliiig equipment layout are illustrated in figure 42. 

Table 17 contains a summary of all installed costs and owning and operating 
costs needed to meet the refrigeration requirements for tlicse grocery dealers. 

Other appropriate information used to arrive at these final cost figures is included 
in the section on cost comparisons. Table 38 shows insulation costs and power 
consumption caused by transmission-heat gains. Table 42 shows power consump- 
tion and electric power costs. Table 46 gives the bill of materials and unit cost. 


{Tezi on page ffO.J 
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REAR PLATFCRM 


LtdEND 

□ -air-handung unit 


riGURE 39. — Situation 111, Building No. 3 (poultry and cgga), floor plan and air-handling equipment layout. 


llEFRlGBRAtlOK BCHEDVLE 


Item 

Firm 19 

Firm 20 


Firm 21 


Firm 22 


Firm 23 


Firm 24 


Firm 25 

Firm 20 

Firm 27 

Firm 28 

Room l 

Rooms 

Room 1 

Room 1 

Room 2 Room 3 

Room 1 

Hoorn 2 Room 3 

Room 4 

Room I Room 2 

Room 1 

Room 2 

Boom 3 

Room 1 

Room 1 

Room 2 

Room 1 

Room 2 

Room 1 

R(H>nt 

Refrigeration load 

B t,u Ap— 
Room usage or 
product handled.,-. 

Freezing capacity 

Ib.Ar.,, 

41,340 

Poultry 

163,475 

Poultry 

058 . 

56,782 

Poultry 

32,690 

Poultry 

15,403 10,268 

Poultry Cutting 
un 

poultry. 

aa 

57.374 

Poultry 

67,247 201, WO 

Shell Poultry 
eggs. 

1,200 

80,265 

Order 

asseraWy, 

30,700 34,005 

Shell Egg 

eggs grading, 

order 
assembly. 

60,000 

Shell 

eggs. 

33,969 

freez^g 

141 4 , 

0,250 

breaking. 

04,059 

Poultry 

42,334 

Shell 

eggs. 

75, 093 

Frozen 

eggs. 

42,800 

Poultry 

82,535 

Oriistod 

ohlokon. 

208 . 

80,271 

Poultry 

40,131 

Order 

asMiiibly 


EQUIPMENT SCHEDULE 






Model 




AH-2RX 

AH-3IIX 

AH6RX 

AH-7RX 

AH-llRX 

AH.12RX AH.13RX 

APMinx 

Alr-bandllDg unit* 

Ratine 

T3,t,il./br./‘’F-. 

1.430 

2,040 

4,330 

7.500 

3,140 

4.730 7,600 

12,600 

Air volume..— 0.1 m.. 

]|616 

2,270 

0.500 

10.600 

4,950 

7.460 11.000 

11.000 

Fan; 

No. required — 

1 

2 

3 

3 

2. 

3 3 

3 

Size In.. 

10 

14 

15 

16 

16 

16 18 

1» 

Fan motor: 

No. required 

1 

2 

3 

3 

2 

3 a 

3 

Size hp.. 


1/16 

1/4 

1/2 

1/4 

1/4 1/2 

1/2 

Type of defrost 

Air 

Air 

Air 

Hot gas 

Hot gas Hot gas 

Hot gas 

No. of units required—. 

4 

3 

4 

7 

3 

2 6 

1 


notes; 

1. Insula Uon thteknessea have not beon subtracted from dimensions sbown. 
i. Humidities fibowQ are minimum requirements. 

3, Coiling bclEbt ia 201cct Sti all areas orcept in firms 2i-a, 21-3^ 24 2j and 24*3, where lieigbl Is 10 feet, 

4, Tho ^'RX" designation fn tho air-handling model numbers means "recirculated liquid ammoolo," 


mSULA-TlON SCHEDULE 



Wall material 


Ceiling material 


Floor inntorlal 


Code 



Room 



Room 




Thlclmcss 

Typo 

temperature Thickness 

Typo 

tomperaturo 

Tlilcknoss 

TyjK) 


In, 


“F. 

In. 



In. 


A 

1.0 

Expanded 

XKilystyrGiie, 

72 

3.0 

Expanded 

polystyrene. 

72 

None 



B. 

2 0 


60 

4.0 

do 

50 

1.0 

Expanded 

D 

2 5 

do 

40 

4.0 

do 

40 

2.5 

pblyslyronc 

Do, 

F 

3.5 

do 

26 

4.5 

do 

26 

3.5 

Ho 

a 

7 0 

Fibrous glass. 

-10 

8.0 

Fibrous glass, 

-10 

0 5 

Do. 

I 

1 5 

Expanded 

-20 

8.5 

do 

-20 

7.0 

i:>o. 



polystyrene, 





j 

3 6 

do 







M 

3.0 

do 







L 

L*1 

4.0 

3.6 

4 5 

do 








N-'-- 

do- 







N-2 

2.0 

do 







N-3- — 
n 

2.0 

8.5 

8.0 

do 








0-1 

Flhrous glasSv, 
do 








0*2 

6 5 








0*3 

0 0 

do 







0-5 

P 

p«^ 

5.5 

9.0 

8.5 

7.0 

6.5 

do 

do 

.In 







P.2 

P*3 

0 o c 

1 1 1 
1 1 1 

1 1 1 
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LEGEND 



HIGH-STAGE METER 
INTO EACH FIRM 


HIGH-STAGE METER 

FOR BUILDING 

i 

LOW-STAGE METER 

INTO EACH FIRM 

4) 

LOW-STAGE METER 

FOR BUILDING 

B 

OIL SEPARATOR 


AIR-HANDLING UNIT 

M 

VALVE • OPEN 

M 

VALVE - CLOSED 

AC 

AIR CONDITIONING 
VALVE 

H 

HEATING VALVE 

© 

THERMOSTAT CONTROL 

© 

HIGH-STAGE SUCTION 


Fiquru 40. — Situation 111, Building No. 4, refrigerant^flow diagram. 
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LEGEND 


NOTE: SEE TABLE 46 AND SPECIFICATION C FOR DESCRIPTION. 


L=.- ^TT . ..INSULATED LINES 
-SH- ..HIGH-STAGE SUCTION +20* F. 
-SL- ..LOW-STAGE SUCTION -28° F. 
-LH- ..HIGH-STAGE LIQUID +20° f. 
-LL- ..LOW-STAGE LIQUID -28° F. 
-HG- ..HOT GAS 


Figure 41. — Situation III, Building No, 4, central system equipment room. 
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UGEND 

(;;;j-.A11^-HANDUNG UNIT 
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REPRIOERATION SCHEDULE 

Firm 30 Firm 31 Firm 33 

Hoorn 1 Rooml UoomT Room l Room 1 Room 2: 


UcfriRcnUion load 


70,306 


K.QIMI'MI.NT OCllKUUr.K 

Model 

AH-71>X A1M21)X a I Manx 


Ml tolling m\i: 

Kdlma 

A1; Viuluino..*.i. 

\»y 

S^o. TtriutrtMl-, 
Mr** 

Ko, rc^iulwil.. 

Mi*^ 


WAAhr F-. 

C f.tll-- 


lu-- 


-I»P— 


ih'frwM. 

or uniw le^jjidred 


0, {KM 
1(1,600 

«, 7HO 
Y,-I5U 

0,000 

11,000 

10,000 

18,300 

IH 

;) 

10 

0 

18 

6 

18 

li 

1/3 

All' 

1 

a 

1/4 

Hot KHS 

1 

{{ 

1/3 

Hot RUH 

1 

6 

1/2 

Hot KR9 
3 


60.256 

83,806 

02,865 

8C,Q35 









INSULATION SCHEDULE 







Wall material 


Coiling material 

Floor mater,.*! 

_ 

Code 

Thickness 

Typo 

Room ^ 

temiMratuie Thickness Type 

Room 

temperature 

Tlilcknf5> 

Tjt'O 

B 

E 

Q 

7h. 

2.0 

3.0 

7.0 

Expanded 

polystyrene, 

do 

Fibrou*! glass. 

60 

32 

-ID 

7n. ^ ^ 

4, 0 Expanded 

polystyrene, 

4 0 (Jo,,.— 

5 0 Fibrous glass 

“F. 

50 

32 

-10 

Ja 

1 0 

3 0 

6 5 

Eipar-^d 

i»c 

D 

J 

M 

M-1.,.. 

0 

0 4* 

3.6 

4.6 

2.5 

8 6 

6.6 

Expanded 

polystyrene. 

do * 

do 

Fibrous glass, 
do 






: — r 


NOTR9. ^ , . 

1. inmdRtloH t 

2, IlundtUtlos 


direct expansion ammonia,** 
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Table Yl Situation III, Building No. 4, installed costs and annual owning and 

operating costs 


Evpenscanf rofngeiation system^ 


Equipment and insulation costs: 

Air-hflndling units 

Pipe insulation (outside of engine loom) .. 

Centra! engine room and piping 

Pipe and shell iasulation (in engine room) 

Air conditioning (office area) 

Pipe insulation (air conditioning) 

Cold-stoiagG room insulation 

Cold-storage room doors 

Kefrigeranfc metering devices 



Installed cost 

Labor cost 

including labor 

Dollars 

Dollars 

3,720 

H7,1C0 

2,690 

8,000 

4,870 

«33,556 

1,160 

3,350 

6,370 

15,222 

865 

2,000 

9,620 

25,651 


Ji.ROn 

3,826 


Total installed cost. 


28,295 ni5,253 


Annual owning and operating costs: 

Amortization, capital cost (20 yr. @ 6%)_ 

Maintenance, insulation (2%yyrJ 

Maintenance, lefiigeration, on contract basis 

Maintenance, air conditioning, on contract basis 

Insurance, S LSI /thousand adjusted 

Taxes, $4.88 /thousand adjusted 

Electric power cost 





Tolal cost 

116,253 

X 

0.08718 

= 10,048 

31,541 

X 

0.02 

= 631 




- 5,072 




- 672 

115,253 

X 

0.00181 

- 209 

116,253 

X 

0.00488 

= 502 




« 15,264 


Summary of all Costs 

The total installed cost for the refrigeration equipment and insulation (includin; 
refrigeration doors) for all four buildings in Situation III is $966,661, The tots 
annual owning and operating cost for Situation III is $239,463 (table IS). 


Table 18* — Situation 7/7, summary of costs for all buildings 


Annuftl owning and 

Building No. Installed cost operating cost 


Dollars Dollars 

1— 235,526 62,541 

2 312,473 73,375 

3 303,409 71,089 

4 115,253 32,468 


Total 966,661 239,463 


Total anmml owning and operating cost. 


32,458 


1 Refrigeration load, high-stage 27.7 TR. 

Refrigeration lo ad, low-st age 7.2Tn. 

Air-conditioning load 30.0 TR. 


* Includes pioportionnte share of Interconnecting piping costs. 

^If office areas are not to be air conditioned, $7,720 can be deducted from this figure, and 
related owning and operating coats will be lower. 


AIR CONDITIONING-HEATING 

Heating is, of course, a must. In new buildings, air conditioning is also considered 
a necessity, not a luxury, to improve both the efficiency and the morale of personnel. 

In Situation I, where unitary package systems are used by each firm> the air 
conditioning is omitted, because completely separate units would be required. 

If a food distribution center uses package refrigeration systems similar to those 
in this situation, separate air-conditioning units can be selected and the cost added 
to that established for the refrigeration units. A separate heating system would be 
required unless it was combined with the air conditioning. 

When a central system is used, as in Situations II and III, the air-conditioning 
and heating requirements can be handled by the central refrigeration equipment 


FOR SITUATIONS II AND III 

at a nominal firstrcost addition. Air-handling units of some kind must be supplied 
in each office space, but the heating or cooling medium for these units is supplied 
from the central system equipment room or building. 

The architectural detail for an office area can vary greatly with the materials 
used, building orientation, and geographic location. All afifect the air-conditioning 
or heating load on which equipment selections are based. To present a broad view 
of what would be required to provide conditioned air to the office areas of a food 
distribution center, this section of the report outlines average design data and 
conservative equipment selections. 

The follo\viiig design criteria are assumed : 
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Summer temperaUiie 95° P. oulhicle, 78° F. inside, dry bulb, or 

76° F. outside, 65° F, inside, wet bulb 

Winter temperature 0° F. outside, 70° F inside, dry bulb. 

Square feet of floor area/ton of ref i igeraliotu 200 ft.VTll. 

Wnlcr circulation 8 g,p.m./TR. 

Water temperature range 8°P. 

Water temperature from heat exchanger, summer 40° F 

Water temperatuie from heal exchanger, winter.. 105° F 

Tlie desiga criteria listed above are average values used to make equipment 
seleotians and approximate load calculations. 

To set up the air-conditioning and heating zones, each 25-foot bay is divided 
into t^Yo 12-foat, Gdnch zones with individual units and controls. 

System Selection and Operation 

In determining the type of system to be used, flexibility, quality, and owning- 
operating costs, as well as physical design data, are important considerations. 

A chilled- or hot-water recirculation system best meets these criteria. The condi- 
tioned water is circulated by pumps from the central-system equipment room or 
building to the individual office areas, where some type of air-handling equipment 
is used to condition the space. For this study, one free-standing, fan-coil console 
unit is installed per zone. If preferred, an individual firm could use one air-handling 
unit with ductwork to handle its entire office space; or it might choose to reduce 
the two 12-foot, 6“inch zones to three 8-foot, 4-inch zones, which would require 
three fan-cotl units instead of two. 

Selection of the fan-coil units is based on essentially equal heat losses or gains 
at the design conditions. Should an architectural designer wish to use the specific 
selections listed in table 19, the heat transfer at peak summer and winter conditions 
through the walls, floor, ceiling, and windows should be equal, and should total 
approximately 11,340 B,t.u./hr. per 25-foot module. 

Hot or cold water is supplied to the individual fan-coil units from the central- 
system equipment room or building. A shell-and-tube heat exchanger is incorporated 
in the refrigeration system to take advantage of waste heat from the refrigerated 
spaces. See figure 24, the refrigerant flow diagram for Situation II. In the summer, 
when cooling is required, the heat exchanger (water chiller) is piped into the low 
aide of the system, where it acts as an evaporator. Recirculated water from the 
oflicc units passes through the tubes, where it is cooled from approximately 48® to 
40® F. Ill the winter, or when heating is desired, a manual changeover of the valves 
places the lieat exchanger on the high side of the refrigeration system where, acting 
as a condenser, it produces hot water. 

In Chicago, as in most of the major population centers of the United States, 
the heating season is of longer duration than the cooling season. In such areas, the 
refrigeration provides a major source of waste heat that is normally thrown to 
the outside. Transferring this waste heat to the office areas is an economical way 
of heating. 


Separate compressors are not used for the air-conditioning duty. On central 
systems of the sizes that are used in this study, the air-conditioning load is such a 
small part of the total refrigeration load that it is economically feasible to use the 
same compressors, condensers, and oilier components to handle everything. 

Refer to figures 31, 34, 37, and 40, for illustrations showing the heat-exchanger 
operation applications. 

Two water pumps arc included in each central-system ecjuipmeiit room or 
building, to circulate the hot or cold water to the office fan-coil units. One pump is a 
standby. The pumps are illustrated both in the refrigerant-flow diagrams and in 
the figures illustrating the equipment-building layouts. 

Equipment Cost and Bill of Materials 

The costs for furnishiug and installing the heat exchangers (ivater chillers) and 
water pumps are included in the various bills of materials for the central-system 
equipment rooms and building. Table 19 is r summary of these costs. 

Each building has a 30-ton air-conditioning load, which makes the cost differen- 
tial between situations so small that the costs can be considered the same. For 
practical purposes, a cost estimate of $601/TR is established for air conditioning. 


Table 19. — Air-conditioning and Imiing bill of materials ami costs 


Situation and 
quantity 

Equipment description 

Unit cost 

Situation II . 


Doiiars 

100 

Fan-coil units, free-standing, vortical, per Bpecifications 
and including controls, valves, piping, insulation, 



and installation 

425 

1 

Horizontal shell-and-tubo heat exchanger, 30'^ diam- 
eter X 16' long, complete with automatic valves 



and flont-switcli level coritrol, per specifications.— 

9,430 

2.. 

Water pumps, per sped {ient ions 

1,360 


Total cost — Situation 11 

80,130 

Situation III: 

160 ..... 

Fan- coil units, same ns described above 

425 

3 

Horizontal shell-aud-lube heat cxcimugers, W' diam- 
otor X 10' long, described aa above (for Buildings 



Nos. 1, 2, and 3) 

1,090 

1 

Horizontal shclhand-tubo heat exchanger, 14" diam- 
eter X 16' long, described as above, (for Building 



Ko, 4). 

i,m 

8 

Water pumps, per speelfi cation s. 

400 


Total cost— Situation HI 

78,970 
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Operating Costs 

The operating costs for air conditioiiiiig are determined by the final architectural 
desig[i, but they would accrue at $0.324/TR/day in Situation II, and at $0,488/ 
TR/day in Situation III, 

Operating costs for heating consist only of the cost of operating the water pump 
plus the cost for a slight additional kw.-hr./TR on the compressors. The heat used 
to raise the water temperature is waste heat, which ordinarily would be dissipated 
to the outside air through the evaporative condensers. 

The owning and operating costs are included with the refrigeration equipment. 
See tables 13 through 17 for a summary of each situation and building, 

COST COMPARISONS FOR 

General Comparison of Total Costs 

Table 20 shows individual costa for Situations I, II, and III. By comparing these 
costs, it can be seen that Situation II (one central refrigeration system for all 
four buildings) costs less to install and less to own and operate than either Situa- 
tion I (each firm providing its own individual refrigeration system) or Situation III 
(each building having a separate central refrigeration system). In total capital 
expenditures, which include all costs associated with furnishing and installing the 
insulation and refrigeration equipment, Situation I costs 4.3 percent more than 
Situation II, and in annual cost of owning and operating, it costs 61.9 percent more 
than Situation II. Situation III costs 8.2 percent more than Situation II for the 
insulation and equipment, and 2S.4 percent more to own and operate. 

Two major items contributing to these cost differences are insulation and elec- 
tric power costs. Table 20 compares costs on $/ton of refrigeration, ^/square 
foot of floor space, and $/cubic foot of refrigerated area. The square-foot and cubic- 



1. The insulation cost can be substantially reduced by using one central system. 
The transmission-heat gains are not as critical to a large central system as they 
are to package systems. 

2. Air conditioning and heating for the office areas can be handled by part of the 
central-system refrigeration equipment at relatively low fii-st costs. Situation I's 

packap systems would require completely separate units to handle the air con- 
ditioning. 

3. The electric power costs and owning and operating costs are substantially 
reduced when one central system is employed, even though they include costs 
for heating and air conditioning, 
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Deductions for Omitting Air Conditioning 

If air conditioning is to be omitted in the office areas, the following luetic 
can be made for each central-system equipment room or building: 


Situation II (table 13) $18,020 

Situation III, Building No. 1 (tabic 14) 5,180 

Situation III, Building No. 2 (table 16) 4,400 

Situation III, Building No. 3 (tabic 10) 7,280 

Situation III, Building No. 4 (tabic 17) 7,720 


These deductions result from different refrigeration compononts Hint ^v^u 
be selected if the air-conditioning load of 30 tons per building were omittiHl . Hniel 
compressors and condensers would be used, and installation time wouhl be k 
There is no deduction for the room fan-coil units, because they wouki at ill bo i 
quired to supply heating. 

THE THREE SITUATIONS 


Table 20.- 


Individual cobts^ 


Kef rigera tion equipmen t . 

$/TR 

VfM 




Insulation. 

S/ft.9... 


Total capital expenditures. 

$/TR.. 





Electric power costs/yr 

$/TR/24 hr_... 

Owning and operating/yr. 

$/TR/yr 

$/ft.Vyr 

Vft.Vyr 


931,698 

2,183 

10.82 

.664 

134,137 

.873 

309,167 

724 

3.59 

.22 


^ Based on refrigerated space only, 
® Includes cost figures for 120 tons 
refrigeration system. 


Situation No. 


Dollars 

636,676 

1,266 

6.22 

.382 

396,922 

928 

4.60 

.282 


Dollars 

*649,003 

*943 

6.33 

.328 

344,274 

745 

4.00 

.246 


*893,277 


9.33 

.674 

*77,016 

.403 

190,941 

389 

2.09 

.128 


Doila fs 

*l , (J03 
n.u3 
/m 

300,271 

8(>ll 

4.IU 


*900 p 00 1 


UK 12 

M 04,070 

230,403 

2.G« 

.102 


of air-conditioning/hcating duty os a part of iho eemn 
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4. The total capital expenditures for one central system arc substantially leas 
hail for package systems, even though air conditioning and heating arc included. 
The smaller the central system, however, tlic closer its initial cost approaches 
-.hose of package systems. 

For a comparison of the breakdown costs for such items as maintenance, aniorti- 
ration, insurance, and taxes, refer to the individual cost summaries of each situation. 

Cost Calculations for Insulation and Electric Power 

—all Situations 

Tables 22 through 40 include all figures used in determining the final insulation 
costs and operating costs. The calculations for Situation I arc illustrated for one 
kTtnple firm. Complete tables are included for situations II and III. 

The installed cost per square foot for each type of insulation has been shown in 
tables 3, 4, S, 6, 7, and 8. The cost per square foot is multiplied by the number of 
•quarc feet installed to derive the total insulation cost per building and situation. 
Table 22 illustrates the manner in which the calculations were made for Situation I. 
Tables 28 through 31 and 35 through 38 list these calculations for SituatioRS II 
and III. 

The electrical, costs are based on rates of the Commonwealth ICdison Company 
in Cliicngo, Illinois, as of 1905 (table 21). 

T.vbde 21 . — Electricity costs by Cotnmonweallk Edison Company 
%n Chicago, III., in 1965 


Amount used llute 


Demand costi^ 

riist 200 kw $2.00/kw. 

Next 800 kw l,80/kw» 

Next 2,500 kw — - 1,65/kw. 

Next 11,500 kw 1.45/kw. 

Next 86,000 kw 1.35/kw. 

Power eosfc:^ 

10 kw.-hr ^1 ,40 flat chavgc 

490 kw.-hr 2 .H^i/kw.-hr. 

2,000 kw, -hr 2. 4tiy kw^dir* 

3,500 kw,“hr 1 .75jiykw.-hr, 

24.000 kw.-hr.^ l,35^i/kwrhr, 

70.000 kw,-hr ... l,00fi/kw.-lu\ 

400,000 kw.“hr ,75ii/kw,-hr,^ 

above 600,000 kw.-hr .05^/kwrIir,® 


^ Based on maximum eleetric power that must be available. 

^ Based on electric power actually used. 

* When the energy consumption exceeds 460 times the demand, this rate becomes 0.60#/kw,-hJ'- 


In calculating the electrical costs for all situations, the following factors were used : 


Lights mid occupancy 12 hr. /day 

Pioducfc loading on annual basis 60 percent of capacity 

Miscellaneous niotois, (cutting rooms, etc.) 12 hr. /day 

Battery chargers, iruck refiigcmlioii, etc Not considered 


The demand cost is based on the maximum electric power that the electric 
company must have available at all times. The kilowatt rating of all lights and of 
fan, compressor, and pump motors, plus any miscellnneous electrical equipment 
that can be operating simultaneously are totaled to determine this maximum 
power demand. To determine the amount of demand cost, the total kilowatt figure 
is applied to the appropriate cost in table 21. Table 22 illustrates the manner in 
which the demand costs were calculated for the individual firms in Situation! I. 
Tables 32 and 39 through 42 list the demand cost calculations for Situations II 
and III. 

The energy coat is based on tlie kilo, watts of electric power actually used by a 
customer in operating his refrigeration equipment, lights, and other miscellaneous 
electrical equipment. To forecast this usage accurately on a monthly basis, it is 
necessary to convert the heat removed from the refrigeratocl spaces (B.t.u./hr.) 
to electric power consumed (kw.-hr./month). This figure is equivalent to the power 
retpiired by the refrigeration equipment. The electricity required for the lights 
and other miscellaneous equipment can be taken as fixed amounts based on operat- 
ing hours and size of facilities. 

Tables 28 through 31 and 35 tlirough 38 include all calculations of power con- 
sumed (kw.-hr./yr.) due to lieat gains through the floor, ceiling, and walls. 
Example: 

kw.-'lir./yr. - Q/A X Area X Ur. X Convcisioa factor 
where . 

(J/A (B.t.u,/lir.-ft.*) = the heat gain tluoiigh a surface. Thi'5 is listed in tables 3, 4, 5, 0, 7> 
and 8 for the vaiioiis types of insulation. 

Aiea (ft.“) - Iho surface niea of the floor, ceiling, or walls. 

Hours (lir./yi\) the number of horn’s for which I he specific tempcratiuo differcnco exists 
across that burface. For outside walls, this is based on the weighted tennporalure differenco. 

Conversion factor (kw./B.i.u./hi\ X 10“*) =*= 

llor.scpowci X 0.740 kilowalts/horsc power 

Tons refiigerntioii X eflicicncy X 12,000 B.t.u.yhr.-TR 

The calculation for the convorsion factor includes tlie horsepower of all the 
refrigeration equipment at an 80-percent efficiency. Eor refrigerated rooms of 
32'' F. and higher, the conversion factor works out to 0.109 kw./B.t.u./lii\ X 10"^ 
nud for freezers the value is 0.214 kw,/B.t.u./hr. X 10“’*. These values vary slightly 
in Situations II and III, but the difference is veiy slight because the hp./TR re- 
mains fairly constant. Thus, the same factors svere used for both situations. 

For the firms in Situation I, this conversion factor varies for each room, Calculate 
by adding the operating kw. of the condenser units to the operating kw. of the air- 
handling units and dividing by the refrigeration load (B.t.u./hr.) The power 
consumed (kw.-hi’,/yr.) to handle the heat gains through air clianges, product 
loads, and miscellaneous loads is determined by: 
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kw -hr./yr. - Q X hrs, of operation X conversion factoi 
where: 

Q (B.t.u.Ar.) = heat gain. 

hr. of operation (hr /yr,) - the number of hours these loads exist. 
Conversion factor = same os developed above. 


Tlie power consumed (kw.-hr./yr.) to handle the electric lights and miscellaneous 


motors is found by: 

kw.^hr./yr. 


Electrical rating (watts) X hr > of operation 
1,000 wntts/kilowatt 


Table 22.—Siluation I, Firm No. 26-1, sample c aleulations of insulalion costs and eleclnc power consumpUon and costs 

Insulation costs 


Insulation 
code' and 
heat source 

Q/A« 

Area 

Ho ui s/year 

Conversion 

Power consumed 

Cost por 
square foot 

Installed 

cost 





Kw./B.l.it./hr. 




Walla : 


Fl.* 

Hours 

xio-^ 

Kw.-hr,/yr, 

Dollara 

Dollara 

0 

1.474 

980 

8,760 

0.284 

3,597 

2.016 

1,974 

G 

1.194 

980 

8,760 

,284 

2,918 

1,862 

1,818 

0 

1,474 

160 

8,760 

.284 

680 

2.016 

322 

0-2.-. 

1.169 

080 

8,760 

,284 

2,849 

1,852 

1,818 

Hoof 

1.358 

2,401 

8,760 

,284 

8,063 

1.982 

4,700 

Floor 

1.49 

2,401 

8,760 

,284 

8,928 

1.047 

2,f)10 


<3 





Total cost... 

... 13,202 


BXti./hr, 







Lights 

8,160 


4,380 

.284 

10,176 



Motors 

6,225 


8,760 

,284 

16,454 



People 

1,400 


4,380 

,284 

1,746 



Air 

31,700 


5,266 

.284 

47,314 



Product-,,^ 

24,900 


6,256 

,284 

37,176 




Walts 







Lights 

5,000 


4,380 


21,900 



Motors 

2,238 


8,760 


19,606 




Total annual 180,396 kw.-hr./yr, -r 12 mo./yr. = 16,033 kw.-hrs. /mo, 


Demand 36.6kw.-hr. X 2,00 = $ 71,20 

Energy _6000 kw.-hr. X .0207 -- 124,36 

9033 kw.-hr, X .0135= 121,96 


Average power cost. 


,$317.60/inonth 


* Insulation code refers to different thicknesses and typee of insulation and temperature differences across wall, as shown in tables 3, 5, and 7. 

* WTD Q/A is used for outside walls and roofs or ceilings. Standard Q/A is used for interior walls and floors. 


iTfjcl conitnued on jfoif 
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Taii!,e 2:i.- Silualidn I, hill of mnlcriah and unit amtu for rvfrigcration equipment 


Uiinm 

Air unit 


I'lun riinnlusr 

iiuxtol 

Nuinlmr 

anil j>io|u)sal iuru 

nundmr 

rnqiiirod 

(1 

F. 


Number 

J:ilu'^u . — 32 

All 4 

1 

AUtumito 32 

All 4 

1 


10 

All 4 

1 

Alli'nmtn „ 

H) 

AH 4 

J 


45 

AH 7 

3 

Alteirihto . 

45 

AH 7 

3 

'lllllUiO 

:i2 

Ml 10 

3 

Allunmlo - . 

32 

All 10 



no 

All 7 

2 

1 

a2 

All 10 

2 

Altoriinln. , [ 

no 

AH 7 

2 


,32 

All 10 

2 


50 

AH 7 

4 

Altos Hhto 

50 

All" 7 

4 


fw) 

All 7 

2 


50 

All 7 

2 


32 

All- 10 

2 


no 

AH 7 

2 

AlUu’iiMo* . ^ 1 

50 

Alb 7 

2 


[:w 

All 10 

2 

3: IbiHO . , 

fno 

All 7 

1 

{ 

laa 

All 10 

2 

AUornutii 

(50 

All -7 

1 


i'ta 

Alb 10 

2 

1): Bum? 

50 

AH 7 

0 

AllorMfi(o« ^ 

50 

Alb7 

0 

11): 

f32 

AH 0 

2 


\50 

Alb 7 

2 

Ailonsrtlo. 

|32 

AH 0 

2 


\50 

AH 7 

2 

11; Htihu* , 

[32 

AH H 

2 


150 

AH *2 

2 

Allornato. .. 

132 

Alb« 

2 


\50 

AH 2 

2 

12: 

32 

AH-O 

3 

Altos tmlo... , 

32 

Alb 0 

3 


32 

AH 0 

3 

13: Ilann 

51) 

AH 3 

3 


-10 

All- 10 

1 


32 

AIM) 

3 

AUorimto - 

50 

An-3 

3 


-10 

All-10 

1 


InHlulletl 

Hundousinj^ 
unit model 

Numbor 

Installed 

cost 


rt‘(|mred 

cost* 

DoUnrH 


Number 

Dollars 

845 

cm 2 12 

2 

2,071 

845 

(U)5-12 

1 

1,671 

880 

(JU H- 

2 

n,7ifi 

880 

cm i 12 

1 

n,i4« 

4,000 

C)U 15 12 

2 

5,105 

4,000 

OU 10 12 

2 

4,315 

7,000 

HU 15*22 

2 

0,040 

7,000 

HU 15 22 

2 

0,040 

3,510 

(;U 10-12 

2 

4,320 

5,4H) 

HU7)i; J2 

2 

4,120 

3,540 

cm 15 12 

1 

2,080 

5,410 

HU 15 22 

1 

3,810 

5,800 

HU 15 12 

3 

8,007 

5,800 

HU 15-12 

3 

8,007 

3,0^5 

HU 15-12 

2 

4,081 

3,05^5 

HU 10 *12 

2 

4,500 

0,200 

HU7J5-12 

2 

4,300 

3,025 

HU J5-22 

2 

7,310 




0,200 

t;u is-aa 

1 

4,040 

1,700 

0117}^"- 12 

2 

3,020 

5,880 

CU 10 12 

2 

4,240 

1,700 

(JU 10-22 

1 

2,100 

5,880 

CU If) -22 

1 

3,720 

0,775 

CU 20-22 

4 

12,576 

0,775 

CU 20-22 

4 

12,575 

3,480 

CU 10-12 

2 

4,f)l9 

3,410 

CU 10-J2 

2 

4,281 

3,480 

CU 15-12 

1 

3,590 

3,410 

CU 15-12 

1 

3,220 

2,040 

CU 5 12 

2 

3,290 

1 ,405 

CU 3-12 

2 

2,577 

2,040 

CU VA-i’l 

J 

2,480 

1,405 

CU7K-<2 

1 

1,990 

5,250 

CU 10-12 

2 

4,260 

5,250 

CU7V!i-12 

2 

3,910 

5,360 

CU 754-12 

2 

4,400 

2,07(1 

CU 73^-12 

2 

3,000 

2,700 

GU 10-22 

3 

7,791 

5,350 

CU 10-12 

1 

3,470 

2,070 

2,700 

CU 10-12 

CU 731J-602 

1 

3 

2,520 

7,000 


TauijE 23 . — Situation 1, bill of materials and unit costs for refrigeration equipment — 

Continued 


lioDm Ail* umt Conden^inK 

Firm number tempera- model Number Installed unit model Number Installed 
and proposal turo uumber required cost numbei required cost^ 


14: Bn&o. 


AUoniato..- 


1 32 
50 
-10 
32 
60 
-10 


16: Bose | 

Altomate — | 

10: Base 

AUernnto 

17; Bnso 

Allornato _ . ^ 

18: Bnso 

Altornato-^- 

10: Bfiao 

Altornato — 

20: Baao 

Altomate — 

21: Base 

AUcriiate. . , 


32 

60 

-10 

32 

60 

-10 

1 32 
160 
[32 
\50 

' 32 
50 
-10 
32 
60 

^-10 

f 32 
{ 60 


{ 50 

l-io 

! 40 
-10 
40 
-10 

40 

40 

72 
40 
-20 
1 72 
I 40 
[-20 



Number 

Dol/urs 

Nmnhr 

i?of/ar5 

AIM 

4 

7,240 

CU ni-\2 

2 

4,086 

AH-3 

3 

2,760 

CU 735^12 

2 

3,360 

AH-10 

2 

5,500 

CU 10-22 

5 

13,200 

AlI-9 

4 

7,240 

CU 15-22 

1 

3,900 

AIM 

3 

2,760 

CU 10-22 

1 

2,750 

AIT-10 

2 

5,560 

Built-up ys)ystem 

} 

12,620 

AII-9 

4 

6,880 

CU 73^-12 

2 

4,100 

An-3 

3 

2,530 

CU7}j~12 

2 

3,350 

AIMO 

2 

7,650 

CU 10-22 

6 

15,200 

AH-9 

4 

6,880 

CU 15-22 

1 

3,680 

AII-3 

3 

2,630 

CU LO-22 

1 

2, GOO 

AH-IO 

2 

7,650 

Built-up system 

A 

13,820 

AH-9 

3 

4,520 

CU 73i-12 

2 

6,300 

AII-3 

3 

2,260 

CU iVi-n 

2 

4,304 

AlI-9 

3 

4,520 

CU 10-12 

1 

4,930 

AII-3 

3 

2,260 

CU 10-12 

1 

3,690 

AII-9 

2 

4,140 

CU 73^-12 

2 

4,750 

AlI-3 

2 

1,770 

CU 6-12 

2 

2,610 

AII->10 

1 

3,120 

CU 10-22 

3 

8,144 

AIM 

2 

4,140 

CU 15-12 

1 

3,480 

AIM 

2 

1,770 

CU 734-12 

I 

1,990 

AH-10 

1 

3,120 

CU 73^-502 

3 

7,400 

AH-10 

1 

2,940 

CU 5-12 

2 

2,480 

AII-3 

1 

1,055 

CU 2-12 

2 

1 , 99o 

AII-10 

1 

2,980 

CU 10-22 

3 

8,650 

AH-10 

1 

2,940 

CU 73^-12 

1 

2,180 

AH-3 

1 

1,055 

CU5-12 

1 

1,680 

AH-10 

1 

2,980 

CU 7)4-22 

3 

7,470 

AH-7 

AH-10 

1 

2 

1,775 

5,220 

CU5-:2 

CU 10-22 

2 

6 

2,630 

15,350 

AH-7 

1 

1,775 

CU734“12 

1 

1 ,990 

AII-10 

2 

5,220 

Built-up system^ 

14,050 

AH- 6 

2 

2,402 

CU7}^-12 

2 

3,980 

AH-C 

2 

2,402 

CU 10-12 

1 

3,150 

AH-1 

AH-6 

AII-18 

AII-l 

AH-6 

AH-18 

1 

1 

1 

1 

1 

1 

1,760 

1,106 

1,210 

1,760 

1,106 

1,210 

CU Vz-n 
CU3-12 

CU 3-22 

CU 

CU 7^-12 
CU 7H-22 

'1 

2 

2 

1 

1 

1 

1,140 

2,145 

3,690 

990 

2,110 

2,765 


Ste /*)oii\QUt fit rarf vfUibh on jHmeOO. 
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Table 23. — Sitvaiion /, bill of materials and unit costs for refrtgeraiion eqinp 7 nent — 

Continued 


Room 

Firm iiumbei' tempera- 
and proposal ture 

An unit 
model 
number 

Number 

requiied 

Installed 

cost 

Condensing 
unit model Number 
number required 

In.s tailed 
cost^ 



"F. 


Number 

Dollars 

Number 

Dollars 

22: Base I 

f 

72 

AIT-3 

3 

2,940 

CU 5-12 

2 

2,048 


1 

50 

AH-5 

2 

1,302 

CU 7H-13 

2 

4,08C 



40 

AH-6 

2 

2,372 

CU m-n 

2 

4,086 



■10 

Air-io 

3 

8,150 

CU 10-502 

6 

15,600 



72 

AH-3 

3 

2,910 

CU 10-12 

1 

2,510 

Alternate 


50 

AH-5 

2 

1,802 

CU 10-12 

1 

2,520 


1 

40 

Arr-6 

2 

2,372 

CU 10-12 

1 

2,620 


i- 

■10 

Air-io 

3 

8,150 

Built-up system® 

17,370 

23- Base 


[72 

AH-3 

1 

1,069 

CU 2-12 

2 

2,256 



ISO 

AIi-6 

1 

J,486 

CU 3-12 

2 

2,760 

Alternate.,, 

1 

72 

Air-a 

1 

1,069 

CU 3-12 

I 

1,380 


1 

[50 

ATl-6 

i 

1,486 

CU VA~n 

1 

2,040 



72 

AH-l 

1 

624 

CU M-12 

3 

1,172 

24: Base i 


50 

AH-5 

2 

1,728 

CU 7H-12 

2 

4,080 



■20 

AIM 

1 

2,020 

CU 10-22 

2 

5,521 

1 

f 

72 

AH-J 

1 

624 

Iricl. below. 



Alternate i 


50 

Air-5 

2 

1,728 

CU 10-12 

1 

2,220 


1- 

•20 

AH-0 

1 

2,020 

CU S-502 

2 

3,720 

25 ' Base 


•10 

Air-10 

2 

5,560 

CU 10-22 

3 

8, 100 

Alternate,., 

- 

■10 

AH-IO 

2 

5,560 

CU 10-22 

3 

8,100 

26: Bose | 

f 

50 

Arr-6 

1 

1,406 

CU 6-12 

2 

3,160 


h 

■10 

AH-9 

2 

4,000 

CU 7H-22 

3 

7,520 

Alternate.., j 

f 

50 

AH-6 

1 

1,400 

CU7M-12 

1 

1,820 


i- 

■10 

AH-9 

2 

4,060 

CU 10-502 

2 

5,680 

27: Base 

i 

f40 

AH-7 

1 

1,770 

CU 6-12 

2 

2,886 


1 

i25 

AII-9 

2 

3,880 

CU 71^-12 

2 

5,250 

Alternate 

i 

40 

Air-r 

1 

1,770 

CU 7i^-12 

1 

1,705 


1 

26 

AH-O 

2 

3,880 

CU 15-22 

1 

3,164 


2^,— Situation /, bill of materials and unit costs for refrigeration equipmt 

Continued 


Firm number 
and pioposal 

Room 

tempera- 

ture 

Air unit 
model 
number 

Number 
red lured 

Installed 

cost 

Condensing 
unit model 
number 

Number 

required 

Insta 


< 

’F. 


Nu7nber 

Dollars 


Number 

Dolb 

28: Base 

j 

[72 

AIM 

2 

1,500 

CU 3-12 

2 

2,4 


1 

140 

AlT-7 

2 

3,390 

CU 73^-12 

2 

3,5 

Alternate 

I 

72 

AIM 

2 

1,500 

CU 5-12 

t 



1 

[40 

AlI-7 

2 

3,390 

CU 15-12 

1 



[ 

50 

AIM 

1 

1,611 

CU 71^-12 

2 

3,5: 

30* Base ^ 


32 

AIMO 

2 

5,300 

CU 7}^-12 

2 

4’l( 



10 

AII-9 

1 

1,870 

CU 6-22 

3 

6,6( 


[ 

50 

AII-7 

1 

1,511 

CU 19-12 

i 

2,5( 

Alternate | 

1 

32 

AII-10 

2 

5,300 

CU 16-12 

1 

2,6( 



10 

AH-9 

1 

1,870 

CU 10-22 

2 

6,31 

31: Bose 


32 

AH-IO 

2 

4,080 

OVIVi-Vi 

2 

4,12 

Alternate 


32 

AH-IO 

2 

4,080 

CU 15-22 

1 

4,04 

33: Bose 1 


32 

AII-10 

2 

5,250 

CU 7M-12 

2 

4»07 

1 

i- 

10 

All-!) 

1 

1,055 

CU 7H-22 

2 

4,12 

Alternate 1 


32 

AII-10 

2 

5,250 

CU 16-22 

1 

4,Rl 

1 


10 

AII-9 

1 

1,055 

CU 10-602 

1 

3.321 


1 Opni typo except a« noted. 
^ Bemihermetic, 


12.6 tons of refrigeration at -25“ F. evaporator iempernture. Two opeiusfc 
reciprocating compressons with 25 hp. motoi.s and atartern. One air-cooled condenser with win 
prey&uro conliol. One refrigerant receiver with necessary valves and accessories. 

* Ii-602— 15.5 ioiLS of refrigeration at -22“ F. evaporator teinperatiirc. Two open-stylo recipi 
eating compressots with 25 Iip. motoia and starters. One air-cooled condenaor with wiat 
pressure controls. One refrigerant receiver with necessary valves and accessories. 

14.5 tons of refiigoration at -22° F. evaporator temperature. Two opoii-sly 
reciprocating enmpreasora with 25 hp. motors and starters. One air-cooled condenser with wild 
pressure contiol. One refrigerant receiver with necessary valvc.s and accessories. 

® 0^—1 8.1 tons of refrigeration at —21° F. evaporator temperature. One open-sly 

leciprocating compies/'or with 25 hp, motor and starter, Oiio open-stylo reciprocating compress 
with 40 hp. motor and starter. One air-cooled condenser with winter pressure control. 0i 
refrigornnt receiver with necessary valves and accessories. 
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Table 24. — Situation /, Building No, i, Simimary of installed costs and owning and operaiing costs byfirm^ 


Base proposal: 


Firm number 

Refrigeration cost 

Insulation cost 

Operating cost /month 


Dollars 

Dollars 

Dollars 

1 

2,916 

1,103 

70.00 

0 

2,596 

502 

52.80 

3„. 

10,005 

7,983 

240.96 

4 

14,540 

9,m)7 

312.45 

0 

17,402 

8,325 

340.80 

6 

13,807 

7,917 

420.85 

7 

27,831 

12,303 

517.00 

8 

16,530 

8,843 

307,77 

9 

22,350 

13,887 

618.43 

10 

15,690 

8,944 

17,600 doois 

334.29 




Totals 

142,667 

97,404 

3,224.24 


Alternate proposal: 


Firm number 

Refrigeration cost 

Insulation cost 

Operating cost /month 


Dollars 

Dollars 

Dollars 

1 

2,416 

1,103 

70.00 

2 

2,026 

502 

52.80 

3 

9,215 

7,983 

249.95 

4 

14,540 

9,997 

312.35 

6 

15,740 

8,326 

7,917 

340.80 

6 

13iS07 

420.85 

7 .... 

25,400 

12,303 

517.00 

8 

13,550 

8,843 

307.77 

9 

22,350 

13,887 

618.43 

10 

13,700 

8,944 

17,600 doors 

334.29 




Totals 

132,744 

07,404 

3,224.24 


Amortization, insulation (20 yv. 6%)_-. 
AmorlizatioiL refrigei ation (10 yr. ® 6%) 

Afaintanance, insulation (2%/yr*) 

Maintenance, ref rigor ation (10%/yi\) 

Insurance, 5^1. 81 /thousand adjusted 

Taxes, $-1.8 8/thousand adjusted 

Electric power cost 


97,404 X 0,08718 = $ 8,402 
142,667 X 0,13587 = 10,384 

97,404 X 0.02 - 1,948 

142,667 X 0.10 « 14,208 

240,071 X 0.00181 435 

240,071 X 0.00488 = 1,172 

38,691 


Amortization, insulation (20 yr. <§) 6%)-,,- 
Amo^tizatioll, lefrigerntion (10 yr. ® 6%) 

Maintenance, insulation (2%/yrO 

Maintenance, refrigeration (10%/yr.) 

Insurance, $1 .81 /thousand adjusted 

Taxes, $4. 88/ thousand adjusted 

Electric power cost 


97,404 X 0.08718 - $ 8,492 
132,744 X 0.13587 - 18,036 

97,404 X 0.02 = 1,948 

132,744 X 0.10 13,274 

230,148 X 0.00181 417 

230,148 X 0.00488 -= 1,123 

38,691 


Annual owning and operating cost. 


$84,389 


Annual owning and operating cost. 


$81,981 


‘ Air conditioning not included. 
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Base proposal^ 


Table 25, — Situation /, Btiilding No, summari/ of metalled costs and owning and operating costs by firm^ 

AUernate proposal' 


Firm number 


Refrigeration cost 


Insii lat i on cost Operat i ng cos t/moii tli 


Aniortizntion, insu!ation (20 yr, @ 6%) 132^378 X 0,08718 — $11,641 

Amortizat ion, refrigeration (10 yr. @6%) 184,269 X 0.13687 == 25,037 

Maintonance, insulation (2% /yL)_^_ 132,378 X 0.02 = 2,648 

Maintenance, refrigeration (10%/yr.) 184,269X0.10 « 18,427 

Insurance, $1,81 /thousand adjusted 316,647 X 0.00181 ~ 573 

Taxes, $4. 88/thoiisand adjusted 316,047 X 0,00488 = 1,645 

Electric power cost 42,647 

Annual owning and operating cost $102,418 


Firm number 


Dollars 

Dollars 

Dollars 


10,302 

5,689 

180.25 

11- 

9,500 

10,735 

196.55 

12. 

26,631 

16,822 

535.25 

13- 

36,206 

20,263 

G99.36 

14- 

39,710 

20,847 

763.58 

15- 

17,384 

14,013 

342.95 

16- 

24,534 

10,305 

458.46 

17- 

20,002 

6,704 

377.52 

18. 


aO^UUu Ut/Ulo 



184,269 

132,378 

3,653.92 

'I 


Refrigeration cost 

Dollars 

8,905 

9,160 

23,770 

34,830 

37,160 

15,300 

21,900 

18,305 


169,330 


Insulation cost Operating coat/monl 


Dollars 

5,689 

10,735 

15,822 

20,263 

20,847 

14,013 

10,305 

6,704 

28,000 doors 
132,378 


Dolhn 

180.25 
196.65 

535.25 
009,36 
703.68 
342.95 
458,46 
377,52 


3,563,92 


Amortization, insulation (20 yr, @0%) 132,378 X 0.08718 === $11,511 

Amortization, refrigeration (10 yr. @ 6%) 169,330 X 0.13587 « 23,007 

Maintenance, insulation (2%/yr.) 132,378 X 0,02 2,618 

Mainteiinnce, refrigeratjon (t0%/yr.) 109,330 X 0.10 10,033 

Insurance, $1.81/ thousand adjusted 301,708 X 0.00181 » 516 

Taxes, $4 . 88/thousand adj usted 301, 708 X 0 . 00488 = 1,472 

Electiic power cost. 42, 6 17 

Annua! owning and operating cost 98,794 


* Air conditioning not included. 



Base prof^osal : 

Table 26.“ 

REFHIGERATION SYSTEMS FOR tTHBAN FOOD DISTRIBUTION CENTERS 

—Situation /, Buildinff No, 3, nummary imialled and owning and operatmg costs by firm^ 

Allernale proposal: 

69 

Firm number 

llefrigeration cost 

Inbulation cost 

Operating cost /month 

Firm number 

Refrigeration coat 

Insulation cost 

Operating cost/mon tli 


Dollars 

Dollars 

Dollars 


Dollars 

Dollars 

Dollars 

10._ 

24,975 

10,087 

564.18 

19 

23,035 

10,087 

504.18 

20-,- 

6,382 

3,984 

143.44 

20 

6,552 

3,984 

143.44 

21 

11,051 

3,526 

100.51 

21 

9,941 

3,526 

160.51 

22„_ 

41,684 

23,090 

739.45 

22.-- 

40,184 

23,000 

739.45 

23 

7,571 

6,313 

143.45 

23 

5,076 

6,313 

143.45 

24 

15,145 

6,868 

289.18 

24_ 

10,312 

0,808 

280.18 

25 

13,600 

13,202 

317.51) 

25 

13,060 

13,202 

317.50 

26 

16,136 

13,340 

295.85 

26 

12,966 

13,340 

296,85 

27 

13,785 

11,277 

282.92 

27 

10,579 

11,277 

282.92 

28._ . 

10,820 

10,770 

244.60 

28 

9,030 

10,770 

244.60 



27 Sn.'S doors 












1 o\}i> uoons 


Totals 

161,209 

129,852 

3,181.08 

Totals 

141,234 

129,852 

3,181.08 


Amortization, insulation (20 yr. ® Q%) 129,852 X 0.08718 = $11,320 Amortization, insulation (20 yr. @ 6%) 129,862 X 0.08718 - $11,320 

Amortization, lefrigoration (10 yr. @ 6%) 161,209 X 0.13587 = 21,903 Amortization, refrigeration (lOyr. @ 6%) 141,234 X 0.13687 •= 19,189 

Maintenance, insulation (2%/yr.) .... 129,852 X 0.02 = 2,598 Maintenance, insulation (2%/yr.) 129,852 X 0.02 = 2,698 

Maintenance, refrigeration (10%/yr.).. 101,209 X 0.10 = 10,121 Maintenance, refrigeration (10%/yr.) 141,234 X 0.10 = 14,123 

InsHrancc, $1.81 /thousand adjusted 291,061 X 0.0018X = 627 Insurance, Sl.Sl/thousand adjusted 271,086 X 0.00181 = 491 

Taxes, $4, 88/thousnnd adjusted 291,061 X 0.00488 = 1,420 Taxes, $4. 88/thousand adjusted 271,086 X 0.00488 = 1,323 

Blcotrlc power cost 38,173 Electric power cost 38,173 


Anmml owning and operating cost 
‘ Air conditioning not included. 


392,062 


Aimiial owning and operating cost. 


$87,217 
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Table 27.' — Situation /, Building No. summary 

Base pTopoml: 


Firm nil inbcT Refrigeration cost Insulation cost Operating cost /month 

Dollars Dollars Dollars 

29 (no refrigeration) 29.95 

30.- 23,031 14,122 467.31 

31 9,106 4,623 237.69 

32 (no refrigeration) 103.20 

33 15,395 11,653 350.07 

34 (no refrigeration ) 30.00 

5,890 (doois) 


Amortization, insulation (20 yr. 


36,288 1,218.82 

36,288 X 0.08718 S 3,164 


Amortization, refrigeration (10 yr. @ 6%) 47,531 X 0.13587 = 6,458 

Maintenance, insulation (2% /yr.) 36,288 X 0.02 = 726 

Maintenance, refrigeration (10%/yr.) 47,531 XO.IO ^ 4,753 

Insurance, $1,81 /thousand adjusted 83,819 X 0.00181 « 152 

Taxes, $4. 88/thoua and adjusted- 83,819 X 0.00488 - 409 

Electric power cost 14,626 


Annual owning and operating cost $30,288 


Air conditioning not included. 


U.S, DEPARTMENT OF AGRICULTURE 


installed costs and owning and operating costs hy firm^ 


AUernaie proposal: 

Firm number Refrigeration cost Insulation cost Opornting 

Dollars Dollars Dolhu 

29 (no refrigeration) 211,115 

30._ 20,097 14,122 

31-— 9,020 4,623 

32 (no refrigeration) U);|.2() 

33 14,625 11,653 

34 (no refrigeration) 

5 , 890 (doors) — - 


Totals 43,742 

Amortization, insulation (20 yr. @ 6%) 

Amortization, refrigeration (10 yr. @ 6%) _ . 

Maintenance, insulation (2%/yr.) 

Maintenance, refrigeiation (10%/yr ) 

Insurance, $1.81 /thousand adjusted 

Taxes, $4. 88/thousand adjusted 

Electric power co.st 


36,288 l.aiK.W 

30.288 X 0.08718 « % ;i,|01 

43,742 X 0.13587 « 5,013 

36.288 X 0.02 = 7M 

43,742 X 0.10 =1 4,374 

80,030 X 0.00181 « N5 

80,030 X 0.00488 » 391 

14,0?fl 




Annual owning and operating cost. 



Table 2 S—Siiual{on II, Building No. 1 , insulation costs and ekdric power consumption caused by transmission-heat gains 
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In>iulation code refers to different thictnesses and types of insulation and temperature differences across wall, as shown in tables 3 , 5 , and 
WTD Q/A is used for outside walls and roofs or ceilings. Standard Q/A is used for interior walls and floors. 


72 


MARKETING RESEARCH REPORT NO, 921, U.S. DEPARTMENT OF AGRICULTURE 
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Insulation 
code* and 


60 . 

40. 

■“ 10 . 

*“ 20 . 


Total. 


,832 

1.608 

2.134 

2.603 

2.74 


3,671 

6,513 

1,680 

6,224 

228 


Conversion 


room temperature 

Q/A» 

Area 

Hoiirs/year 

(X 10-5) 

Walls' 


Ft* 

Hourn 

Kw./BXu./hr. 

A,... 

1.417 

4,200 

1,776 

0.109 

B.. 

1.739 

2.420 

4,629 

.109 

D 

2.248 

4,680 

5,886 

.109 

F 

2.248 

960 

7,422 

.109 

G 

2.193 

2,440 

8,700 

,214 

I 

1.303 

1,700 

8,760 

.109 

J--- 

2. IS 

3,040 

8,760 

.109 

J-1 

1.845 

1,500 

8,760 

.109 

L... 

2.544 

1,900 

8,760 

.109 

L”1 

2.295 

1,840 

8,760 

.109 

N 

3,076 

700 

8,760 

.109 

N-2 

1.417 

700 

8,760 

.109 

N-3 

1.576 

660 

8,760 

.109 

0 

2.645 

3,080 

8,760 

.214 

0-1 

2.581 

440 

8,760 

.214 

0-2 

2.138 

2,440 

8,760 

.214 

0-3 

1.924 

1,800 

8,760 

.214 

0-5 

1.47 

800 

8,760 

.214 

P. 

2.73 

160 

8,760 

.214 

P-1-. 

2.657 

360 

8,760 

.214 

P-2 

2.281 

240 

8,760 

,214 

P-3. 

Ceiling' 

2.096 

200 

8,760 

.214 

72 

2.79 

6,124 

1,776 

.109 

SO 

3.225 

3,671 

4,629 

.109 

40 

3.058 

6,513 

6,886 

,109 

25-- 

3.083 

1,680 

7,422 

.109 

■“10..- 

2.616 

6,224 

8,760 

,214 

“-20 

Floor: 

2.616 

288 

8,760 

.214 


4,620 

5,886 

7,422 

8,760 

8,760 


.109 

.109 

.109 

.214 

.214 


t WTn different thicknesses and types of insulation i 


Insulation cohIh 


Power 

consumed 

Cost per 
square foot 

InHUillud 

cust 

Kw-hv./yr, 

Dollars 

Dollars 

1,152 

0.333 

3,499 

2,123 

1.121 

2,713 

6,750 

1.121 

f>,240 

1,746 

1.287 

1,23(1 

10,031 

1.527 

3,720 

2,115 

.876 

1,481> 

6,357 

1.206 

3,666 

2,642 

1.103 

1,746 

4,616 

1.248 

2,371 

4,032 

1.206 

2,21U 

2,056 

1.372 

960 

947 

1.202 

841 

842 

1.285 

720 

16,273 

1.G25 

5,005 

2,113 

1.692 

700 

9,782 

1.627 

3,726 

6,493 

1.405 

2,091 

2,205 

1.402 

1,170 

819 

1.057 

205 

1,793 

1.625 

rm 

890 

1.50 

452 

786 

1.627 

305 

3,308 

1.190 

7,324 

6,974 

1.106 

4,391 

12,778 

1.238 

8,003 

4,191 

1.302 

2,2HH 

29,366 

1.502 

9,909 

1,412 

1.625 

468 

1,641 

.211 

776 

0,301 

.290 

1,928 

2,900 

.452 

759 

30,371 

.004 

4,163 

1,479 

.707 

204 

184,174 


85,572 


» WTD Q/A is used for outside wa]b;;;;iroofs;rJS:‘ 
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Table 3L — Situation //, Building No. 4^ insulation costs and electric power consumption caused by iransmissian-heal gains 


Insutation cost<& 

Insulation 


code^ and 
room temperature 

Q/A» 

Area 

IIoii m/year 

Conversion 
(X io-») 

Power 

consumed 

Cost per 
square foot 

Installed 

cost 

^ F. 

BMuJhi -ft.^ 

Ft^ 

/fours 

Kxv./B^t.n./hr. 

Kw.-hr./yr. 

Dollars 

Dollars 

Walls: 








B 

1.739 

480 

4,629 

0.109 

421 

1.121 

538 

E.... 

2.052 

1,440 

7,422 

J09 

2,390 

1.244 

1,791 

G 

2.193 

960 

8,760 

.214 

3,947 

1.527 

1,460 

J 

2.19 

1,360 

8,760 

.109 

2,844 

1.206 

1,640 

M 

3,029 

2,940 

8,760 

,109 

8,503 

1.329 

3,907 

M-l 

1,729 

480 

8,760 

,109 

792 

1.202 

577 

0 

2,045 

2,180 

8,760 

,214 

10,809 

1.625 

3,543 

0*4 

1,703 

1,180 

8,760 

.214 

3,900 

1.462 

1,725 

Ceiling: 








50 

3.225 

816 

4,629 

.109 

1,328 

1.19S 

076 

32 

3.037 

2,736 

7,422 

.109 

6,722 

1.238 

3,387 

-10.. 

2.616 

1,440 

8,760 

.214 

6,792 

1.692 

2,292 

Floor: 








50 

.«32 

816 

4,629 

.109 

343 

.211 

172 

32 

1.018 

2,736 

7,422 

.109 

4,245 

.409 

1,119 

-10 

2.603 

1,440 

8,7G0 

.214 

7,027 

.664 

956 

Total 





60,063 


24,089 


1 Insulation code refeis to difTerent thicknesses and types of insulation and temperature differences across wali> as shown in tables 3, 5, and 7. 
* WTD Q/A is used for outside walla and roofs or ceilings. Standard Q/A is used for interior walls and floors. 
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'Iaiilto 32. — SUiialion II, Buildings Nos. 1, 2, S, and //, electric power consumption 

and costs 


Animal powei icaiifeiimeJ (kw.^hr./yr ) 


Type load 

Building 

Building 

Building 

Building 


No. 1 

No. 2 

No. 3 

No. 4 

Demand requirements P 





Trans mission loss _ 

lligh-stngo lie at sources : 

119,369 

177,385 

184,174 

60,063 

Lights nnd people 

30,400 

163,000 

48,000 

7,000 

Fan mo to Ha 

181,000 

76,800 

45,000 

17,900 

Air changes and product.^ 

Lciw-stage heat sources : 

874,000 

206,000 

200,400 

144,300 

Lights and people 


6,850 

23,300 

6,700 

Fail moloJs . 


105,000 

56,500 

9,800 

Air clmnges and product 

Operating requiiemonta:^ 


520,000 

521,600 

64,000 

Tligh-slago: 





Lights 

438,000 

655,000 

462,500 

438,000 

Fan motojs 

Low-.stage: 

298,500 

126,700 

149,400 

73,600 

Lights (in chided above) 

Fan motois 


88,200 

81,900 

12,300 

Tolal annual kw.-hr. consumption 

1,947,200 

2,124,935 

1,832,774 

833,703 


Total aniiiinl kw.-hr. consumption^ four buiJclings 6,738,741 


Average monthly kw.^hr. consumption, four buildings 5B1 ,C0D 


Maxitmon demand: 

kw* 

Power cost per month: 


Lights 

465.1 

200 kw. @ 2.00/kw. 

= $ 400 

Fan motois 

04.8 

800 kw. ® 1.8()/kw. 

- 1,440 

Compresaois 

.. 774.5 

400 kw. @ 1 .65/kw. 

- 600 

Pumps 

15.4 

100^000 kw -hr @ 0.01148 

= 1,148 

Condensers. 

80,3 

461,600 kw.-hr. @ 0.000 

- 2,770 

Total demand 

1,400.0 

Average monthly charge 

- $ 6,418 


^ (Hi\/yrO X conversion factor (kw./B,t.u./hr. X 10"®) X Q (B.t.u./hrJ = Annual power 
cons Lime cl (kw.-hr./yr.) 

*TIig hr./yr. nio multiplied by watts to find the annual power consumption (kw.-hr,/yr,). 
The ^^conversion factor'^ and ''Q" are not required m this calculation. 


Table 33. — Situation II, equipment building, bill of materiah and unit 


InsUil 

Quantity Equipment 


Mh} 

3 Amvionia Compressors, Nos I, 2, and 3, complete with 200'hp,, 720- 
r.p.ni., 440/3 /60'Volt motors and part-winding .stai tei's^ per 

fications 04 

1 Ammonia Compressor, No 4, complete with a 125-hp., 1170-r,pm., 
440/3/60-voIt motor and part-winding starter, per specifications 
1 Ammonia Booster Compressor, No. 5, complete with a 30-hp., 1170- 
r.p.m,, 440/3/60- volt motor and part-wmding starter, pci’ 


specifications 

1 Ammonm Booster Compressoi, No, 6, complete with a 75-hp., 720- 
r p.m , 440/3 /6()“Volt motor and part-winding starter, per speoi- 

iications 2l),50f 

3 Evaporative Condensers, complete with two 10-hp fan motors and a 

IM-hp. pump motor with staiters, per specifications 

^1 Horizontal Shell’-and-^hihe Heat Exchanger, 30'' diameter X 16' long, 
complete with automatic valves and a float switch level control, 

per specifications l] 

1 High-Pressure Ammonia Receiver, 36" diameter X 16' long, with 

saddles, valves, and gage gloss, per specifications. 2,5 l(J 

1 I^ow-Btage Pump Accumulator, 36" diameter X 4'0" long on a 6'0" 
high X 12" diameter leg complete with oil still, per plana and 
specifications H,6Sd 

1 Intercooler, Gas and Liquid, 48" diameter X 4'0" long on a 6'0" 

high X 24" diameter leg containing a liquid cooling coil, per 
plans and speci fications 

2 Compressor Jacket Coolers, R-l 1, per specifications (II l> 

2 Oil Receivers 12" diameter X 8' long, with liquid level indicators, per 

specifications fit)0 

2 A7nmonia Pumps, low stage, complete with valves, 1 J/g motor and 

starter, per speci fications 1,225 

2 Ammoma Pumps, high stage, complete with valves, 5-hp. motor and 

starter, per specifications 1,275 

1 Coniimwns Automatic Purger, complete with valves and fittings, per 

specifications 81)0 

Ammonia and Oil Costa E-lfiO 

*2 Water Pumps, complete with valves, 10-hp. motor and starter, per 

specifications ii 3/iO 

Total im,m 


^ Included proportionate share of interconnecting piping costs, 

* These components are used for air conditioning and/or heating duty. 
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“ 

(j'jantity 


1 


1 

2 

4 

3 


13 


3 

1 

3 

2 
10 

4 

5 


Table 34. — Situation II y air-handling unitSy bill of inaienals and unit cosl^ 


Installed 

Equipment cost (each) 


BUILDING NO. 1 Dollars 

Aif-!^RXy Air-Handling Umt, au defio.st, for ammonia liquid leciroii- 
latioii, complete with pipe, valves, automatic controls, and 

thermostat, per plans and specili cations 1,060 

AH-SRXy Air-IIandling Unity equipped as above 1,065 

AH-ORX, Air-Handling UmtSy equipped as above 1 ,390 

AH-7RXy Air-Handlmg Units, equipped as above 2,150 

AH>^18RXy Air-Handling Units, hot-gas defio.st, equipped ns above„ 2,360 
AH-I4RX, Air-Handling Units, equipped as AI1-1311X 3,940 


Summary Building No. 1 ; 

Equipment, installed cost (less infsulation).- $51,665 (includes $11 ,050 labor) 
Pipe insulation cost $ 8,900 (includeb $ 2,935 labor) 

Total cost - - $00,565 (includeb $13,985 labor) 

BUILDING NO. 2 

AHSRXy Air-Handling Units, air defiost, for ammonia liquid re- 
eii dilation, complete with pipe, valves, pipe insulation, automatic 


controls, and thermostat, per plans and bpecifications_- 1,200 

AH-ilRXy Air-Handling Units, hot-gas defrost, equipped as above-„ 1,305 

AH-l^RX, Air-Handlmg Unit, equipped as AII-llRX 1,805 

A H-ISRX, A ir-Handhng Units, equipped as AII-1 1 KX 2,670 

AH-UiRX, Air-Handhng Units, equipped as AII-llHX 4,450 

AH-ISRX, Air-Handling Units, equipped ns AIT-1 1 HX. 2,170 

AH-I6RX, Air-Handling Units, equipped avS AII-1 IRX 2,220 

AH-I7RX, A ir-Handling Units, equipped as AIl-l 1 KX 2, 350 


Summary Building No. 2: 

Equipment, installed cost (less insulation)--. $70,635 (includes $16, 100 labor) 
Pipe insulation coat. $15,050 (incliide.s $ 5,320 labor) 

Total cost $86,485 (includes $20,420 labor) 


Installed 

Quantity Equipment cost (each) 


BUILDING NO. 3 DoUqTS 

4 AH-BRX, Air-Handling Unils, air defrost, for ammonia liquid 
recirculation, complete with pipe, pipe insulation, valves, auto- 
matic controls, and thormostat, per plans and specifications 1 ,255 

3 AH-3RX, Atr-Handiing Umis, equipped as above 1, 670 

4 A H-6RX, A ir-H an di ing Units, equippe d as above 2,180 

7 AH-7RX, Air-Handiing Umts, equipped as above 3,300 

3 AH-llRX, Air-Handling Units, hot-gas defrost, equipped as above. _ ! ,925 

2 AH-IBRX, Air-Handling Units, equipped ns AII-1 IRX 2,500 

5 AH-13RX, Air-Handling Units, equipped ns AH-llRX 3,690 

1 AH-i4RX, Air-Handling Unit, equipped as AII-llKX^ 6,200 


Summary Building No, 3: 

Equipment, iiistnlled cost (less insulation)^. $00,375 (includes $17,954 labor) 


Pipe insulation cost $17,200 (includes $ 5,740 labor) 

Total cost $77,676 (includes $23,694 labor) 


BUILDING NO. 4 

1 AH-7RX, Air-Handiing Unit, an defrost, for ammonia liquid icciicu- 
lation, complete with pipe, pipe insulation, valves, autoinatic 


controls and thermostat, per plans and Bpecificatioiis 2,510 

2 AH-IBRX, Air-HamUing Umts, hol-gas defrost, equipped ns above.. 2,230 

3 AH-J4RX, Air-Handling Units, equipped as ATI-12RX 5,690 


Summary Building No. 4: 

Equipment, installed cost (less insulation).. $15,070 (iiicludos $ 4, 150 labor) 


Pipe insulation cost $ 8,970 (includes $ 3,015 labor) 

Total cost $24,010 (includes $ 7,165 labor) 


* Includes proportionate share of interconnecting piping costs. 
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BL£ 37 . — Situation III, Building No. 3, in$ulaiion cods and electric power consumption caused by transmissio7i-keat gains 


REFRIGERATION SYSTEMS FOR URBAN FOOD DISTRIBUTION CENTERS 


“ 9 


^ 2 

Cj 0 

s? 

0 


CO 

C 3 

10 

ZC 

or, 

CD 

r-l 

00 


Cl 

Cl 

c-i 


Cl 


1 - 

iD 

Cl 

lO 

Cl 

•CD 




w 

Cl 

CD 

Cl 

Cl 



0 




0 

c 

Cl 

C 3 

c: 

CD 

Cl 

to 

Cl 

Cl 

C 3 

<33 

00 



00 



CO 

CD 

C 5 

Cl 

Cl 

Cl 



Cl 

C| 


0 

lO 

ID 

*-'? 

t'- 

r-* 

0 

to 


Cl 

0 g 

0 & 

0 

d 









•-M 

t-^ 

” 














u 

'd 


CO 

ID 

-'ti 

0 

C3 

Cl 

iD 

Cl 

c 


0 

w 



2! 

C3 

CD 

0 

£ 

D 

1.! 

C3 

1'- 

0 

lO 

CD 

f? 

0 ^ 


CO 

Cl 

d 

»c 

ID 

00 

Oi 

CO 

CO 

l> 

’'t* 

t-- 

CO 

CO 

04 

(S 

a 

0 

1^ 

i 


cf 

ID 


00 


d 

cf 


w 




d 


cc 

ID 


I 


.2 

1“ 


o* 


,2 g 

•I -i 6 

i 

« « g 








3 


I 

a} 



CO 

<D 




03 

'O 

0 

n: 


CO 

>»*♦ 



CO 

Cl 


0 

0 

CO 

O’ 

2 ? 

CO 

Cf 3 


0 

LO 


830 

Cl 

0 

<D 

00 

Cl 

Cl 

r“i 


r}< 

I'- 

0 

CD 

03 

tn 

■D 

Ci 

C 3 


r- 

03 


f /1 

0 

Cl 

CO 

Cl 

C 3 


Cl 

c 


10 




Cl 

ID 

1 - 

Tf 

Cl 

C 3 

10 

r- 

00 


Cl 


« 

CD 

CO 

f- 

CO 

C/J 

Cl 

Cl 

0 

CO 

CO 

CO 

I'- 

CO 

CO 

ID 


Cl 

iO 

- 

d 

- 

CO 

- 

ci 

cf 




10 ' 


c? 

c 7 

- 





t- 


«r 

cf 

0 “ 



Cl 




cT 

00 


3 M 

O Cl Cl 

cc^ 


^00 03 Cl 

.-I CO o ^ o> 

M CO 


o to o 

C3 C3 Cl 

<D CO 


^ GO o 
0^2^ 


CO O CO 
^ ^ 


to ^ 

Ol 



s 


§S8S2SSi§SSS§2 

2SS SmS i:~S -cicj <mcin (nin^i 


2 2:22 222 2 SS§ 822 § 


cv •»!< 'i' 

^ ,-.1 C'l CM ^ ^ ^ 



C£> O CD 

^ ^ ^ 
l^ CD 00 


s § 

!» 


I ^ kD CO CO 


000 000 

o Ol 00 CD O 

<N^ CO C: 

of cT 


o o c 

^00 

O ID O 


COO 
•M* O O 
00 I'- 


000 000 Q <52 


00 00 »-• CO Cl 


»-( CO 

ri 

i-< CD tc 


O ^ CQ 
00 Cl CO 
<D Cl d 


CO rH ^ 


;D CO «0 ^ CD 


01 <D Cl O O 

ggg ggg 

140 hT 00 00 


^ CO O 00 
iF-i tx> Cl CO 
CD ID CO ca Cl 

CO cO 1 ~» CD 


CD 03 CO 
l'^ CO 90 
C3 h- 00 


T-< CO 10 

I'- ID o 
o b- o 


o 1-H ^ 


r-. so o t** 

d 03 1 '^ 1 -^ 1 -H 

03 lO 01 O K 

p-< ^ oi Cl d 


r- d 


^ C 5 r-H CD 00 

eg C3 d o «-» i:^ 


(N d Cl *-i 


to Cl CO Cl C3 

— 3 Cl ci ^ 


00 

C3 



CO 


uO 

00 

CD 

Cl 



Cl 


CD 


d 


CO 

c- 

CO 

CD 


CO 


h- 

Id 

l>- 


0 

f-H 

CO 

d 

00 

Cl 

CO 

ci 

ci 

ci 

ci 

ci 

ci 




ci 

ci 


r5 


I. ►.r 


d CO ID 


U) 


^i66 n66 (i. fi, »£. a g2 S § S5 


S o o 
D 10 


ID O O 
Cl Cl 




^ Insulation code refers to different thicknesses and types of insulation and temperature differences across wall^ as shown in tables 3, 5, and 7. 
* WTD Q/A IB used for outside walls and roofs or ceilings. Standard Q/A is used for interior walls and floors. 
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aiAHKETlNG HESEAHCH REPOHT NO. 921 , U.S. DEPARTMENT OF AGRICULTURE 
Tabl-b 38 . — Siiualion III, Building No. 4, insulation costs and electric power consumption caused by transmission-heat gains 


Insulation costs 


Insulation 
codc^ and 
room temperature 

(i/A^ 

Aica 

IIoiirH/3Tnr 

Conversion 
(X 10-^) 

Power 

consumed 

Cost per 
square foot 

Installed 

cost 

0 p 

B Lit. /hr. -ft * 


Hours 

Kw./B t.u./hr. 

Kw-h Jyr, 

Dollars 

Dollars 

WnIJs' 

B 

1.739 

480 

4,629 

0.109 

421 

1.I2I 

538 

E 

1.764 

1,440 

7,422 

.109 

2,055 

1.287 

1,853 

G. 

1.753 

960 

8,760 

.214 

3,155 

1.625 

1,560 

J 

1.927 

1,360 

8,760 

.100 

2,503 

1.248 

1,697 

M 

2.441 

2,940 

8,760 

.109 

6,853 

1.414 

4,157 

M-1 

1*453 

480 

8,760 

,109 

666 

1*244 

597 

0 

2.207 

2, ISO 

8,750 

.214 

9,019 

1.722 

3,754 

0-4 

U47 

1,180 

8,750 

.214 

3,208 

1,527 

1,802 

Ceiling* 

50 

2.513 

816 

4,629 

*109 

1,035 

1.281 

1,045 

32 

2.70 

2,736 

7,422 

.109 

6,031 

1.362 

3,726 

-10 

2.068 

1,440 

8,760 

.214 

5,583 

1.69 

2,434 

Floor: 

50 

.832 

816 

4,629 

,211 

349 

.211 

172 

32 

1.648 

2,736 

7,422 

.452 

3,647 

.452 

1,237 

-10 

2.232 

1,440 

8,760 

,749 

6,024 

.749 

1,079 


Total 50,609 25,651 


^ Insulation code refers to different tliiclcnesses and types of insulation and temperature differences across wall, as shown in tables 3, 5, and 7. 
* WTD Q/A is iwed for outside walls and roofs or ceilings. Standard Q/A is used for interior walls and floors* 


Tabi^e 39,— Situation III, Building No. 1, electric power comxmpiion and costs 


Annual 

Type load powder coiiaumed 

(kw.-hr*/yrj 


Demniid req^uiremenfcs;^ 

Transmission loss 10i,600 

High-stage heat sources: 

Lights and people 36,360 

Fnn motors* 181,100 

Air changes and product 871 ,800 

Operating requirements 

Lights 438,000 

Fan motors* 326,700 


Total annual kw. -hr, consumption 1,958,400 

Ave rage monthly kw^-hr, consumption 163, 200 


Maximum demand: kiv. Power cost /month: 

Lights - 100.0 Demand; 

Fanmotore. 37.3 200 kw. @ $2.00/kw. «5 400 

Compressors, 252.0 235.0 kw. @ $I.80/kw. *= 425 

Pumps 5.6 Energy: 

Evaporator condenseis 41.0 163,200 kw, -hr. 1,0^ 


Total demand 435.9 Average monthly cost = 2,447 

Yearly power cost ^ 


* (Hr./yr,) X conversion factor (kw./B.t.u./hr, X 10^^) X Q (B,t.u./hr.) = Annual power 
consumed (kw.-hr./yr,). 

* Fan motor hp, in space was estimated* ^ , 

®The hr./yr, are multiplied by watts to find the annual power consumption (kw.-'hr./yf'-^ 

The ‘^conversion factor” and “Q” are not required in this calculation. 

* Based on actual selections of air-handling units, 
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Table iO—Sitnalum ///, Building No, 2^ elecLnc power consumptio7i and costs 


Typo load 


Annual 

powei consiiined 
ikw.-'lir /yr,) 


Demantl reqiiiremcnlH:* 

Trans nUKsioti loss - 

Kigli-slnge Jieat sources; 

Bights nntl people 

Fan mo to 1 a* 

Air changes uiid product 
Low-sfago heat sources. 

Bights niui people - 

Fan mo to 1*8* 

Air changes and piodurl 
Operating requiroments:* 

Lights 

Fan motois^.^ 


1C4,70U 

168,000 

76,800 

205,300 

6,000 

104,000 

521.700 

055.700 
237,400 


Table 4L — Siiualion lily Buildmg No. Nednc power consu?nption and costs 


Annual 

Typo load power consumed 

(kw.^Iir./yi\) 

Dcmft r id req ui remon Is . ‘ 

Traiism issiouloss 158, 400 

Iljgh-stngc heat sources: 

Lights Aud people 48,100 

Fan motoi*s* 45 , OOO 

Air chiuiges and product 232,000 

Low-stage lieat sources; 

Lights ftiul people 23,200 

Fan motors*, 56,400 

Air changes and product 540,500 

Operating requirements 

Lights 407,500 

Fan motors^ 177,800 


Total amuml kw -hr. consumption. 2, 127,000 Total annual kw.-hr. consumption — 1,788,800 

Average monthly kw.-hr. consumption 177, 3f)0 Average monllily kw.-lir. consumption 140,100 


Maximum demand: 

kw. 

Potver cost/vionlh: 


Lights 

149.7 

Demand: 


Fan motors 

27.1 

200 kw. @ $2.00/kw. 

= $ 400 

Coippressors 

256.5 

276.2 kw. @ SI .80/kw. 

= 497 

Pumps 

7.0 

EnoiRy: 


Fvaporator condejnsera 

36.9 

177,300 kw.-hr. 

= 1 ,728 

Total demand 

476.2 

Aveiago monthly cost 

= 2,626 



Yearly power cost 

= .S31 ,600 

1 (Hr./yr.) X coiivorsinn factor 

(kw./B.t.u./hr. 

X I0-») X Q (H.t.u./hr.) = 

Annual power 


wasumed (kw “hr./yr.), 

*Fan motor hp. in space was eslimaicd. 

^Tlie hr./yr. are multiplied by watts to find the annual power consumption (Inv.-hr./yr.). 
Th^ ''conversion factor” and "Q” arc not required in this calculation, 

* Baaed on actual selections of air-lmndling units. 


il fax im um dc maud: k w . Po wa r cos 1/ month: 

Lights 100,5 1 )om and : 

Fan motoiH 25,4 200 kw, © S2.00/kw, -$ 400 

Coinpressoi’s 257.0 228,7 lew, © $l,80/kw, = 412 

Pumps 7.0 Kriovgy: 

Evaporalnr coiulcnseis 20.8 141), 100 kw.-hr, = 1,517 

Total demand 428.7 Average monthly cost = 2,32i) 

Yearly power cost - $27,948 


* (Hr./yr.) X oonvoiHioii factor (kw./JLt,ii./hr, X lO"**) X Q (L.t-.u./Jir,) ~ Anrntal power 
consumed (kw.-hr./yr.). 

* Fan inolor hp, in space was asti mated, 

* The hr./yr. are multiplied by watts to find the annual power consumption ( kw.-hr, /yr.) 
The 'V(»u version faelor” and ‘'(J" are not required in this calculation. 

* Based on actual sclectioiis of air-handling unil.y. 
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Table i2.~Situation III, Building No. /f, electric power consumption and costs 


Type load 


Annual 

power consumed 
(kw-hr./yi‘.) 


Demand requirements.* 

Transmission loss 50,600 

High~stnge heat sources * 

Lights and people 7, 300 

Fan motois* 17,900 

Air changes and product 144, 400 

Low -stage heat sources: 

Lights and people 6,700 

Pan motors* 9,700 

Air changes and product 64, 000 

Operating requirements 

Lights- 438,000 

Fan motors^ 73,600 


Total annual kw.~hr, consumption 812, 100 

Average monthly kw.-br, consumption 67, 700 


Maximum dew and; 

kxo. 

Power cost/monik: 


Lights 

100.0 

Demand: 


Fan motors 

10.6 

200 kw. @ S2.00/kw. 

= S 400 

Compressors 

102.5 

26.1 kw. @$1.80/kw. 

- 47 

Pumps 

2.8 

Energy: 


Evaporator condensers 

10,3 

67,700 kw.-hr. 

= 826 

Total demand 

226.1 

Average monthly cost 

1,272 



Yearly power cost 

S16,264 


* (Hr./yr.) X conversion factor (kw./B.t.u./hr. X 10“®) X Q (B.t,u./hr.) ~ Annual power 
consumed (kw.-hr./yr*)* 

*Faii motor hp, in space was estimated. 

®The hr./yr, are multiplied by watts to find the annual power consumption (kw,~hr,/yr.) 
The ‘*con version factor” and are not required in this calculation, 

* Based on actual selections of air-handling units. 
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Table 43. — Stiuaiion III^ Building No. J, bill of materials and unit cost^ 


Quantiliy Equipment 


2 A m monia (Jonipressorst Noh 1 and 3, complete with 60-hp., 1 170-r p.m., 440/3/60-volt motors and parLwinding htarter-, 

per Hpooifications - - - 

2 A mmonia 6 'omprr 5 s«or«, Nos 2 and 4, complete with 75'hp,, 1 170-r p m,, 440/3/60-volt motors and part-winding j-tarter-*, 

per Hpceifications - 

2 Nvdporalwa 6 ’^ondensers, Nos. 1 and 2, complete with 15-hp. fan motorb and starters, 1 J^-hp. pumps and starters, ptr 

Hpoel fi oil t ions. - 

I ICvapo) alive CondenseVi No. 3, eompletc with a 10-hp. fan motor and starter, 1-hp. pump and Silarter, jier 
I Iliitfi-nrcHs urn A mnionia Receiver, 30" diameter X 16' long, with stands, gage glass, and valves, per -peciftcatiun^, . , . 

^ Horizontal y^hcll-aml-Tvhe Water Chiller (Hent Exchanger), 14" diameter X 16' long, and automatic control valves per 


[ 

2 

2 


2 

I 

( 

1 

2 
10 

4 

3 


Hpceiflca tiona 

Pump Acewmdator, 30" diameter X 4'0" long on a 12" diameter X 6^0" high leg, per plans and specifications 

fafintd Ammonia Pumps, complete with ti 3-hp motor, starter, and valves, per specifications*^ - 

(;om 7 nTS 8 or Jacket Coolers, 11-11, complete with valves and fittings, per specifications 


A ?Hmo7ria and Oil Costs 

Oil Receivers, Nos. 1 and 2, 10" diameter X 4' long, per specifications.. - 

IKufcr PmnpSj complelo with 3-hp. motor and starter, per specifications 

Coni i mtou s A u iomat i c Purger, pe r specifi cations iL' - nil* t/ m 

A n-2llX, A ir-lIuniUmg Unit, air defrost, for ammonia liquid recirculation, complete with pipe, valves, pipe inrulati n, 

iiulomaru! controls, and thermostat, per plans and specifications 

AU-nilX, Air-Handling Unit, equipped as - 

MI-(IIIX, Air-llandling Units, equipped as 

AH-riiX, Air-IIandltng Units, equipped as AH-2RX 

AIl-lHliX, Air-Handling Units, hot-gaa defrost, equipped as above 

AU-V,ltX, j\ir-Handltng Units, equipped as AH-13RX . 


1 IiioliulcH iiroportionato sliarc of interconnecting piping costs. 

» Tlu'Sit {«>iiip<mont.s aio used for air conditioning, heating, or boln. 


h 

4 * 1^1 

TMl 
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Taul-e 4:4:,—^iitHation II I ^ Building No. bill of mater lah and unit cosi^ 


Installed 

Quantity Equipment cost (each) 


Dollais 

1 Ammonia Compiessoi^ No. 1, high-stage, complete with 100-hp,, ll70-r.p.m,, 440/3/60-volt motor and part-windmg 

stai ter, per speciti cations 7, 600 

1 Ammonia CompreHsor^ No. 2, higli-.stagc, complete with 125~hp., 1170-r.p.m., 440/3/60-volt motor and part-winding 

starter, per specificatiuius 14,000 

1 Awimoma Compienhorj No. 3, high- or low-stage, complete with 60-hp, J170-r.p.ni, 440/3/60-volt motor and part- 

winding starter, per specifications 6,780 

2 Ammonia BooBter-Compressori^, Nos. 4 and 5, low-.stage, complete with 25-hp,, 1170-rp.ni,, 440/3/60-volt motor and 

part-wind iijg starter, per specificatioius 7, 500 

2 Empor alive CondenserB, Nos. 1 and 2, complelo with 10 -hp. fan motor and starter, 1-hp. pump and stai ter, per specifica- 
tions 5,000 

1 Evapomiiie Condenser^ Ncj. 3, complete with IS-hp. motor and starter, pump and starter, per specifications.,. 6,050 

1 II igh-^Pressure Ammonia Receiver j 36" diameter X 10^ long, with stands, gage glass, and valves, per specifications 2,340 

21 Honzonlal SheU-and-Tnhe Water Chiller (Heal Exchanger), 14" diameter X X6' long, and automatic control valves, 

per specifications 1,900 

1 Pump /tccn;«wfafor, low-stage, 30" diameter X 4^U" long on a 12" diameter X 6'0" high leg, per plans and specifications 1 , 850 

2 Liquid Ammonia P?<wps, high-stage, complete with 3-hp. motor with starter and valves, per specifications 925 

2 Liquid Ammonia Pnmp^, low-stage, complete with 11^-hp. motor with starter and valves, per specifications 025 

A mmonta and Oil Cosl^^ 670 

^2 Water Pumpet complete with 3-lip. motor and starter, por specifications 400 

1 Coiilinuous Atilomalic Purgert complete with valves and fittings, per specifications 700 

1 Intercooler^ gas-and-liqiiid, 36" diameter X 4'0" long on a 24" diameter X 6^0" high leg containing a liquid cooling 

coil, per plans and specifi cations 2,560 

2 Compressor Jacket Coolers^ R-11, complete with valves and fittings, per specifications 436 

2 Oil lieceiverSj 10" dlametci X 4' long, complete per specifications 360 

13 AH-SRXi Air-Handling air defiost, for ammonia liquid lecirculation, complete with pipe, valves, pipe insulation, 

automatic controls, and theimostat, per plans and specifications 1,200 

2 AIBlIRXi Air-Handling UniU^ hot-gas defrost, for ammonia liquid recirculation, complete with pipe, valves, insula- 

tion, automatic controls, and theimostat, pei plans mid specifications 1,395 

1 A II -ISIiX, An^Handltng UritL equipped as AH-1 lUX 1, 805 

3 AH-13RX, Atr-IIandiing Units, equipped as AH-l 1 RX 2,670 

2 A H-I4IiX, Air^/fandlinff U nils, eq nipped asAII-llRX 4,450 

10 AB-I5UX, A 1 r-Handling Units, equipped as AII-l 1 RX 2, 170 

4 AH-IQRX, Air-Handling Units, equipped as AFI-llRX 2,220 

8 AH-i71lX, Air-Handling Units, equipped as AH-llRX 2,350 


^Includes proportionate share of interconnecting piping costs. 

^ These componont.s are iwed for mr conditioning, heating, or both. 



t>~ eo a 


REFRIGERATION SYSTEMS FOR URBAN FOOD DISTRIBUTION CENTERS 


83 


Table 4o, — Situation ///, Building No. 8, bill of materials and unit co^l^ 


Quantity 


3 

1 


2 


2 

1 

21 

1 

1 

1 

2 

2 

2 

2 

22 

4 


3 


5 

1 


Equipment 


Installed 
cost (each) 


Anwwnta Cottipreasors, Nos. 1, 2, and 3, high-stage, complete with 76-hp.^ 1170’'! p,m., 440/3/GO-volt motois and 

part-winding staiieih, per specificatioiis 

Ammonia Compressor, No. 4, high- or low-btnge, complete with 60-hp., 1170-r.p.m., 440/3/60-volt motor and part- 

winding staiteii per specifications 

Am?fionia Boosts? Compressors, Nos, 5 and 6, low-alage, 25-hp., 1170-r.p.m., 440/3/G0'Volt motors and partrwindiiig 

.starters, per specifications 

Evaporative Condetisers, No, 1 and 2, complete with IS-hp. fan motors andstartevs^ 1-hp. pump and starter, perspecifi- 

cation.s 

I/iffh-Pressure Aftwioma Receiver, 30'^ diameter X 16' long, complete with stands, gage glass, and valves, per specifica- 
tions - 

Ilorisonlal SheU-and-7'iibe Water Chiller (Pleat Exchanger), 14" diameter X 16' long, complete with level and automatic 

control valves per spenfications 

Ptimp Accu 7 tinlator, low-stage, 30" diameter X 4^ long on a 12'^ diameter X 5' high keg, per plaii5> and specifications. 
Intercooler, gas-and-liqiiid, 30" diameter X 4' long on an 18" diameter X 6' high leg containing n liquid cooling coil, 

per plans and specifications 

Oonlinnotis Automatic Pur{/er, complete with valve.s and fittings, per specifications — 

Liquid A^nmoma Pinnpa, high-stage, complete with 3-hp. motor and staiter, valves, per specifications 

Liqxud A?n?nonia Pumps, low-stage, complete with Ij^-hp. motor and starter, valves, per specifications 

Compressor Jacket Coolers, IMl, complete with valves and fittings, per specifications.. 

Od Receivers, 10" diameter X 4' long, per specifications - — 

Water Pxmps, complete with 3-hp. motor and staiter, per specifications 

Ammonia and oil costs 

AIL^ItX, Av -Handling Units, air defrost, for liquid ammonia reciiculalion, complete with pipe, pipe insulation, valves, 

automatic contiols, and ihermoslat, per plans and specifications 

AILSRX, Air-Handling Units, equipped as above 

AH-6RX, Air-IIandling Units, equipped as above 

AH-7RX, Atr-Handling Units, equipped as above — 

AH~11RX, Air'-Handling Units, hol-gas defrost, equipped ns above 

AH-lSliX, Air-Handling Uxiits, hot-gos defiost, equipped ns above 

AH-ISRX, Air-IIandling Umls, hot-gas defrost, equipped as above 

AII-i/fRX, Atr-IIandling Uml, hot-gas defrost, equipped as above - 


Dollars 

8,750 


0,550 


7,600 

(3,050 


1,890 

1,990 

2,120 

2,460 

600 

626 

625 

OLO 

360 

400 

760 

1,225 

1,070 

3,360 

2,180 

1,925 

2,500 

3,690 

6,200 


^ Includes proportionate share of intereonnectiug piping costs. 

^ These components aic used for air conditioning, heating, or both. 
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Table 46 . — fiitttaiion Building No, bill of materials and unit cosi^ 


Installed 

Quantity Eijuipment cost (each) 


Dollars 

2 Ammoma Compressors^ Nos. 1 and 2, high^stago, complete with SO-hji., 1015-i\p.m., 440/3/00-volt motois and part- 

winding startei’s^ per specifications 0,700 

1 Ammonia Compressor ^ No. 3, high-stage or low-stage, complote with 40-hp., S75-r.i),m., 440/3/60-volt motor and 

par t- winding starter, per specifi cations /), 300 

1 Ammonia lioosler Compressor j No. 4, low-stage, complete with IC-hp., 725-r.p,in., 440/3/60-volt motor and voltage 

starter, per specifications 4,500 

1 JCvaporaiive ComJt&iiser^ complete with 10-hp. fan motor and startei, l-hp, pump motor and starter, pel specifications 6,800 

1 High-Pressme Ammonia Receiver ^ 24'' dinmeter X 12' long complete with stands, gage glass, and valves, per specifica- 

lion.s 080 

1 Horizoniul Shelband-Tube IFnfcr Chiller (Ifoat Exclianger), 14" diameter X 16' long, complete with level and automatic 

contiol valves, per specifications 1, 800 

1 Section Trap, Iow-ii»tagc, 12" diameter X 5' long with an internal liquid coil, per plans and specifications 620 

1 DiUrcoole}, gas-and-liquid, 12" diameter X 7' long containing a liquid cooling coil, per plans and specifications 640 

2 Compressor Jacket Coolers, Il-JI, complete with valves and fittings, jier specifications 335 

2 Oil Receivers, lO" diameter X 4' long, complete, per specifications. 260 

1 CorUittuous AulOfnalic Pnrger, complete with valves and fittings, per specifications 500 

A mmonia and Oil Costs 375 

'2 Water Pumps, complete with a 3-hp. motoi and starter, per specifications 400 

1 AJ/’‘7DX, ylir~Bati(lling l/7iil, aii defrost, for direct expansion system, complete with pipe, pipe insulation, valves, 

automnlio controls, and thermostat, per plans and specifications 2,410 

I AJi-iUDX, Arr-Ilandling Unit, hot-gas defrost, equipped as AII-VDX above 2,200 

1 A K-ISDX, A u-IIandl in g Unit, eq nipjjed as AH-1 2RX 3,480 

3 Air^Bandling Units, equipped as AH-12EX 5, 690 


* Includes proportionate share of intoreon nee ling piping costs. 

® These components are used for air conditioning, heating, or both, 

TRANSLATION OF METHOD TO OTHER AREAS 


This report has compared different eombinatioiis of insulation and refrigeration 
equipment for a Jiypothetioal food distribution center in Chicago, 111. The figures 
can be adapted to another area by considering the differences in refrigeration and 
insulation needed and in the costs of services and materials. By the same methods 
of calculation, the total cost can be figured for installing, owning, and operating 
these same refrigeration systems in any desired city or area. This section discusses 
the factors that would cause cost differentials between locations. 

The major differences between areas are in (1) labor costs, (2) energy costs, and 
(3) climate. 

Labor Costs 

Differences in construction labor costs can be determined by multiplying the 
total installation labor cost by the ratio of the cost of local construction labor 


to the cost of construction labor in Chicago as used in this study ($8.05). The total 
installation labor cost for one central system (Situation II) in Chicago is $233,576 
(table 13). The total cost of labor should include consideration of overhead, fringe 
benefits, and profit. 

Electric Energy Costs 

The base Chicago annual energy cost ($77,016 for Situation II, table 13) is 
first corrected for any difference in refrigeration load due to climate effect. This new 
total is then corrected for a difference in energy cost by multiplying it by the ratio 
of the^^ocal energy cost” to the Chicago energy cost (0.01129 $/kw.). 

The *Tocal energy cost” is determined as an average value ($/kw.) based on the 
average monthly consumption for the type of refrigeration system considered* 
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Climate Effects 

Diffeierices in climate change the ainount of insulation reciuired in the ceiling 
and outside walls, as well as the size of the refrigeration system and the total 
Kfrigeration needed to compensate for tlie heat gains througli these surfaces. The 
iriternal heat loads (from products, air changes, and miscellaneous loads) arc as- 
mied to remain the same from city to city. The only item that affects the size 
cf the refrigeration system is the amount of heat gained through the wall, floor, and 
Ct-iling surfaces. The total effect of installing a different thickness of insulation 
and a different size of refrigeration system is relatively small compared with the 
overall costs, so (juick hand calculations are sufficiently accurate. 

Tins section contains sufficient information for hand calculating the change in 
iri;ulatioii, equipment, and operating costs caused by differences in climate. The 
only decision necessary is whether to use a packaged unit refrigeration system, one 
central system, or four central systems. Specific information on these costs has 
been included for the cities of Atlanta, Boston, Chicago, Houston, Los Angeles, 
Orlnndo, Philadelphia, Phoenix, Seattle, and St. Louis. 

There arc five steps in securing sufficient data to which the cost information 
developed for Chicago can be applied. The five stops are: 

L Determine the type of refrigeration system to be used. This can be packaged 
units (Situation I), one central (Situation II), or four centrals (Situation III), 

3. Determine the hours of operation per year during which the outside tempera- 
tare exceeds the storage room design temperature. The weather data, including 
lours of sunshine, is available from the local weather bureau. It is tabulated and 
plotted on a curve similar to the one in figure 10, wliich represents temperatures 
used for wall surfaces only, A similar curve can be plotted for the roof, but the 
tabulation must include a penalty for the sunshine hours and load. See table 47 
for a sample worksheet as tabulated for Atlanta, Ga. 

Information iii the upper part of table 47 is furnished by the Weather Bureau. 
It shows tlic total hours of sunshine and of outside atmospheric temperatures for 
each month of the year. The bottom part of the table shows the hours of various 
roof temperatures, for each month of the year, that were calculated from the 
Weather Bureau information in the upper part. 

The purpose in calculating the hours in the bottom part of the table was to make 
adjustments for the increased heat on the roof caused by sunshine. This increase is 
significant and often pronounced. The effect of sunshine on a sidewalk is a good 
itiusi ration. On a cloudy day, when tlie outside atmospheric temperature is about 
F.j the sidewalk temperature feels about the same as the air around it. At the 
same atmospheric temperature, but with the sun shining, the sidewalk is much 
hotter. Roof temperature reacts in the same way, and adjustments must be made 
to include this increased heat, 

The hours shown in the upper part of the table did not necessarily occur in 
sequence or in daily increments. They are totals for the month as recorded by the 
Weather Bureau. Whether or not they were concurrent is unimportant, it is the 


cumulative buildup of differences bet\veen inside building temperature and outside 
building temperature that matters. 

Our problem is to set apart and make temperature adjustments for the hours 
that the sun was shiuuiig. This was done through the use of two sets of temperature 
ranges that appear in the left column of the bottom part of the table. One set 
includes a 45° “penalty” factor, the other does not. The set bearing the penalty 
is used to record the hour.s of the month that the sun was shining. The set without 
the penalty is used to record the hours of the month that the sun did not shine. 

To simplify the determiimtion as to when the sun was shining and when not 
shining, it was assumed that the sun was shining only during the upper temperature 
ranges. This did not ahvay.s happen, of course, but for our purposes this assumption 
is satisfactory. 

The mechanics of the adjustment calculations are simple. Always consider that 
the sun was shining during the upper temperature ranges only, Work month by 
month, fir.st subtracting from the total hours of sunshine the number of liours at 
which the outside atmospheric temperature range \vas highc.st. Second, subtract 
from the remaining hours of sunshine the number of hours in the next lower outside 
atmospheric temperature range, etc., until all the hours of sunshine are used up, 
All hours of sunshine are penalized. All hours without sunshine are not penalized. 

In September, for example, there was a total of 375 hours of sunslune. There were 
126 hours that the outside temperature reached 80° F. to 90°, tlie highest tempera- 
tures reached that month. Assuming that the sun ^vas shining during the upper 
temperature ranges, we must penalize these 126 Iiours to adjust for the added heat 
from the sun. Therefore, they are entered in the bottom part of the table opposite 
125° to 135°, wliich is the 80° to 90° range with the 45° penalty added. This accounts 
for 126 of tlie 375 hours of sunshine, and leaves a balance of 249 (375 — 126 — 249) 
hours of sunshine. 

To account for all hours of sunshine in September, we now look to the next 
lower outside temperature range (70° to 80°). Tlic weather bureau recorded 294 
hours at 70° F, to S0°. Applying our assumption, the sun was shining for 249 of 
these 294 hours. These 249 hours of sunshine, therefore, are entered in the bottom 
part of the table opposite 115° to 126° (70° to 80° + 45°). 

We now have a balance of 45 lioiirs (294 — 249 — 45). These are hours that the 
sun did not shine, so they should not be penalized. These hours, then, are entered 
in tlie bottom part of the table opposite 70° to 80° (without penalty). 

The other hours (276, 21, and 3), which are at lower outside temperature ranges, 
are merely transposed without penalty to the bottom part of the table since tliey, 
too, occurred when the sun was not shining. 

This approach is not 100-percent accurate; however, the results are accurate 
enough for our purposes. 

3. Determine the weighted-temperature-difference (WTD) that exists across 
each outside wall, roof, or ceiling surface. The method of computing this tempera- 
ture difference has been explained in detail in “The Weighted Temperature-Hour 
Approach Developed for This Study.” 
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Table 47. — Sample worksheet — roof ‘temperature data, Atlanta, Ga. 


Item 


Month 


Jan, Feb. Mar. Apr. May June July Aug. Sept,^ Oet. Nov. Dee. 


Total 


Data obtained fmm Weather Bui can: 

Hours 

Hours 

/fours 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

Total hours of simhhiiie 

250 

230 

260 

310 

375 

300 

326 

330 

376 

340 

300 

250 


Outside (atmospheric) tempemtiire (° 

F.). 













90® and above 








12 





^ ^ _ 

12 

80^ to 90^_- 




30 

144 

96 

189 

249 

W6 


9 


843 

70° to 80° 


0 

12 

150 

285 

279 

423 

376 

294 

42 

114 


1,989 

to 70"--. 

48 

87 

129 

288 

264 

330 

132 

108 

276 

162 

262 

39 

2,115 

50" to 60" 

20J 

120 

213 

150 

61 

15 



21 

285 

246 

186 

1,488 

40" to 60" 

207 

189 

183 

90 





3 

168 

99 

279 

1,218 

30" to 40°-.. 

186 

162 

171 

3- 







64 

24 

204 

804 

20° to 30° 

75 

102 

36 

_ _ ^ 



_ ^ 



9 


36 

258 

Beiow 20" 

27 

6 











33 


Calculated data: 


Outside wail temperature (® F.)' 
Roof tcrapernturo (“ F.): 

With penaltj':* 


135" and above (90° + dS”) 12 12 

125° to 133° (80° to 00° 4- 45°) 30 144 96 189 249 m 9 843 

115° to 125° (70° to 80° + 45°) 0 12 159 231 204 130 69 2J,9 42 114 1,222 

105° to 115° (00° to 70° +45°). 48 87 129 121 162 177 39 763 

95° to 105° (50° to 60” + 45°). 201 120 119 136 186 762 

85° to 95° (40° to 50° + 45°). 1 17 25 43 

75° to 86° (30° to40“ + 45°) 

85” to 76° (20° to 30° + 45°) 

Below 65° (20° + 45°) 


Without penalty: 
90° and above. 


80° to 90°. 

70° to 80° - - 64 75 

60° to 70°. 167 264 330 

50° to 60° 94 160 51 15 

40° to 60° 206 172 183 00 

30° to 40° 186 162 171 3 

20° to 30° 75 102 36 

Below 20° ... 27 6 


287 

132 


306 jiB 

108 276 

21 149 

3 168 

54 

9 


767 

75 1,352 

246 726 

99 254 1,175 

24 204 804 

36 268 

33 


^ Outside-wall temperature data assumed to be the same as that for outside atmospheric tempemturo, 
* 46° extra temperature added to adjust for heat from tho sun. 

’ Italicized numbers are explained on page 85, 
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•i. Select the optimum thickness of insulation. I-'or the internal walls and floors, 
fliib- insulation thickness will be the annic as used in Chicago, because the load 
exist-s for the entire year (<S,7f)0 hours) and the wcighted-tcmperature-difference 
between each pair of rooms is the same. 

Hie optiiimm-insulation eompulcr program was operated specifically to find 
the temperature range over whicli each insulation thickness would be an optimum 
for a specific number of liours of oiieratioii per year. All cost factors and thermal 
resistances were Ctic same as those used for Chicago. Tlie results of these computer 
runs me. illustrated in figures 43 tlirough 51. l'’or each type of refrigeration system, 
tlie optimum insulation tliicknc.ss is shown for outside walls and ceilings of storage 
rooms nhove 32 I'., using expanded polystyiono insulation, and for outside walls 
and ceilings of storage rooms 32° and below, using fibrous glass insulation. 

The graphs for cxpanclcd-polystyrcne insulation are based on 45“ F. room calcula- 



"43, — Optimum thickness af expnnclecl-polysiyrene insulation for outside walls of rooms 
above 32° F. — package systems. 


OPTIMUM INSULATION 



Figure 44,— Optimum thickness of expandod-polystyrene insulation for ceilings of lOoms above 

32° B\ — package systems. 


tions, and the fibrous-glass insulation graphs on — 10® room calculations. The results 
shown on the graphs are thicknesses within one-half inch of the optimum for rooms 
above 32®, and within 1 inch of the optimum for the lower temperature rooms* 
Because the optimum-cost curve is relatively flat at the minimum (fig, 8), the 
difference is of little consequence* Minor variations in the refrigeration equipment 
cost or operating cost used as input to the computer have little effect upon the 
final thicknesses. Even major variations changed the final thicknesses less than 
1 inch. 

5, Determine the heat gain (Q) through each surface in B.t.u./ft.Mir, These 
values were obtained from the computer runs used in the preceding step and axe 
illustrated in figures 62 and 53. 


( Text wnfmued on 90,) 
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OPTIMUM INSULATION 
THICKNESS (INCHES) 



WEIGHTED AT (°F.) 

Fioiniii 46.— Optimum thickness of abrous-glass insulation for outside walls and ceilings of rooms 
32** F, or lower— package systems, 


OPTIMUM INSULATION 
THICKNESS (INCHES) 



WEIGHTED AT (°F.) 


Figure 46,— Optimum thickness of expanded-polyetyreno insulation for oulaido wnlln of rooms 

above 32® F, — one central syetom* 


OPTIMUM INSULATION 
THICKNESS (INCHES) 



WEIGHTED AT (°F.) 

Figurb 47. Optimum thickness of expanded-polystyrono insulation for ceilings of I'oorrm al)ovc 

32® F. — one central system. 
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OPTIMUM INSULATION 
thickness [INCHES] 

<*1 
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FiQunB 48. — Optimum thickness of fibrous-glass insulation for outside walls and ceilings of rooms 

32° F, or lower — one central eystem. 


OPTIMUM INSULATION' 
THICKNESS imCHESI 
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PiQurb 49.— Optimum tUokneas of exptinded-polyBtyrefto insulation for outside walls of rooms 

above 32° F. — four central systems^ 



FiauBE SQ.—Optimum thickness of expanded-polystyrene inafeuUtK^n ceilings of rooms above 

32* F.— four central fifystcms. 



FlQtIBE 61.— < 


rooms 


53° F. or lowei^fottT c^itral isjr^ten^ 
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H£AT TRANSFERRED 
WTD(Q/Al fB.T.U./HR. FT.^) 



mn'."- ‘r/'T 'I"'"' ‘»‘v tvpe of refriKei 

^al.d:uK.l: '•■= clo.so to that used in t 

i« .hifw'dt tabulated 1 

‘ W.tudo, }'b.U4r!pb„, Phoe-ui^J^^vinJe’ 

»'p:ir.ttfl> f,,,. ,„i,.,j,jp ^1, . -,j ’ . , information is Iist( 


be derived for any city by usiiiR the tnblea hero. 'I'lio 10 m(«f.ro|)oIiiati luens Koldcy 
are representative of climate conditions thi'ou{j;h<)ut (lie Unilod Wtulivs. 

In these tables 48 to 53 tlie WTD (° F.) and oporjitiii)j: tniiii'M/yoiir liiivebecn 
calculated from weather data. The value of the optimiini iiiHiihilitui lhi(!kiu'.s.s was 
then obtained from tlie appropriate graph or curve in ligure.s -id tbvmiKli fli, 
heat gain (WTD Q/A) was then obtainnd fi‘om tlie curvos in iigiirc's .'I'J or 5;), 
With the design information contained in tal)Ie.s 48 tiirouKli hH mid in iiirmesdj 


HEAT TRANSFERRED 
WTD (Q/A) (B.T.U./HR. FT.^) 
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Table 48. — Data for outside wall calculations for 10 ciiiesy 'package systems 


Cities 

Room 

t^emperature Type of I tern ^ Los 


(° F.) 

insulation 


Atlanta 

Boston 

Chiengo 

Houston 

Angeles 

Or]a!ido 

Phila. 

Phoenix 

Seattle 

St. Louis 

72 

. Expanded 

WTD2 ^F. 

6,0 

5.7 

5.7 

14.1 

4.6 

6.7 

6.2 

14.1 

5.4 

7,5 


polyatyrciie. Operating hr./yi' 

2844, 

1381. 

1776. 

5056, 

1050. 

5415. 

2043. 

4089. 

660. 

2796. 



Optimum thickness inches 

1.5 

KO 

1.0 

2.5 

1.0 

1.5 

1,5 

2.5 

I.O 

1.5 



WTD Q/A..B,l.u./hr.-fiq,ft. 

.78 

.98 

.98 

1.24 

.80 

.86 

.80 

1.24 

,92 

.96 

50 

. Expanded 

WTD« " F. 

18.4 

15.8 

17.0 

23.2 

12.7 

22,7 

18.0 

24.3 

11.2 

20.3 


polystyrene. 

Operating hr./yr 

6447. 

4246. 

4629. 

7926. 

8175. 

8442. 

4800. 

7407. 

53J6. 

564C. 



Optimum thickness inches 

3.5 

3.0 

3.0 

4.0 

3.0 

4,0 

3.0 

1.0 

2.5 

3.5 



WTD Q/A..Bt.u./lii. -sq.ft 

1.22 

1.20 

1.29 

1.36 

.96 

1.34 

1,30 

1.42 

.98 

1.32 

46 

. Expanded 

WTD2 ® F. 

23.4 

20.8 

22.0 

28,2 

17.7 

27.7 

23.0 

29.3 

16.2 

25,0 


polystyrene. 

Operating hr./yr 

6447, 

4246. 

4029. 

7920. 

8175. 

8442. 

4800, 

7467. 

5316. 

6646. 



Optimum thickness inches 

4.0 

3.6 

3,5 

4.5 

3.5 

4.5 

3.5 

4.5 

3.0 

4.0 



WTD Q/A..Bt.u./lii'.-sq.ft, 

1.37 

1.38 

1.46 

1.50 

1.17 

1.46 

1.52 

1.56 

1.13 

1.32 

40 

. Expanded 

WTD* ^F. 

24.7 

20.5 

22,3 

31.2 

21,6 

31.9 

22.1 

30.6 

16.3 

20.2 


polystyrene. 

Operating hr./yr 

7065. 

5713. 

5886. 

8553. 

8757. 

8700. 

0444. 

8562, 

7623. 

0660. 



Optimum thickness inches 

4,0 

3.5 

3.5 

6.0 

4.0 

S.O 

3.5 

5.0 

3,5 

4.0 



WTD Q/A_ .B.t,u./hr.-sq.ft, 

1.44 

1,35 

1.47 

1.52 

1.26 

1.66 

1.47 

1.50 

1,08 

1.54 

•32 

. Fibrous glass. 

o 

e« 

n 

29.9 

21.9 

24.7 

38.4 

29.5 

39.7 

25,2 

37.8 

21,6 

30.1 



Operating hr,/yr 

8469. 

7693. 

7422, 

8745. 

8760. 

8700. 

7881. 

8769. 

8742, 

7668. 



Optimum thickness inche.s 

7.0 

6.0 

6.0 

8.6 

7.0 

8.5 

0.5 

8,0 

6.0 

7.0 



WTD Q/A.-B.t.u./hr.-sq.ft. 

.84 

.71 

.80 

,91 

.83 

,94 

.76 

.95 

,70 

.85 

»25 

Fibrous glass. 

WTD* F, 

36,9 

28.9 

31.7 

45.4 

30,5 

46.7 

32,2 

44.8 

28.0 

37.1 



Operating hr./yr 

8469. 

7693. 

7422. 

8745, 

8760, 

8760. 

7881. 

8700. 

8742. 

7668. 



Optimum thickness inches 

8.0 

0,5 

7.0 

9.0 

S.O 

0.0 

7,0 

9.0 

7.0 

7.6 



WTD Q/A..B.t.u./hr.-sq.ft. 

.92 

.87 

.89 

1,02 

.92 

1.05 

.91 

l.Ol 

.80 

.08 


Fibrous glass. 

WTD* " F. 

70.6 

69.9 

60.9 

80.3 

71,5 

81.7 

63.0 

70.8 

03.6 

66.9 



Operating hr./yr 

8760. 

8760. 

8760, 

8760. 

8760, 

8700. 

8760. 

8760. 

8700. 

8760. 



Optimum thickness inches 

11.5 

10.5 

10.5 

12.5 

11.6 

12-5 

11.0 

12.5 

11.0 

11.0 



WTD Q/A..B,t.u./hr,-sq.ft. 

1.29 

1.18 

1,20 

1.37 

1.30 

1.40 

1.20 

1.36 

1.20 

1.27 

-20 

Fibrous glass. 

WTD* " F. 

80.6 

69.9 

70.9 

90,3 

81.5 

01.7 

73.6 

80.8 

73.1 

76.0 



Operating hr./yr 

8760. 

8760. 

8760. 

8700. 

8700. 

8700. 

8700. 

8760. 

8700. 

8700. 



Optimum thickness inches 

12.5 

11.5 

11.5 

13.0 

12.5 

13.5 

12.0 

13.0 

12.0 

12.0 



WTD Q/A..B.t.u./hv.-sq.ft, 

1.38 

1.28 

1.29 

1,50 

1.40 

1.46 

1.29 

1.49 

1,28 

1.35 


* Q/A values and insulation thicknesses for cities included above were derived from the curves ^ Weighted temperature difFeroiice. 
in figures 43 through 63, Because readings from a curve vary slightly, the figures for Chicago ^ Fibrous glass and expanded polystyrene may bo interchangeable for this temperature, 
ffill not agree exactly with those given in table 3, which were taken directly from computer runs. 
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Table 49. — Data for ceiling calculations for 10 cities^ package syste?ns 


Room 

temperature 

(“ F.) 

Type of 
insulation 






Cities 






Item' 

Atlanta 

Boston 

Chicago 

Houston 

Los 

Angeles 

Orlando 

Phila. 

Phoenix 

Seattle 

St liC'U' 

72 

Expanded 

WTD2 “ F, 

36.6 

32.9 

35.0 

34.5 

39.6 

35.4 

34.6 

43.8 

35.0 

36.7 


polystyrene. Operating hr./yr 

4410. 

3658. 

3736. 

6735. 

3688. 

6075, 

3834. 

5275. 

3196. 

42^ K 



Optimum thickness inches 

4.5 

4.0 

4.5 

4,5 

4.6 

5.0 

4.5 

6.6 

4.5 

4,5 



WTD Q/A.,B.t.u./hr.-sq.ft. 

1.97 

1.04 

1,87 

1.84 

2.14 

1.74 

1.85 

1.98 

1.87 

I.O^ 

50 

Expanded 

WTD ®F. 

43.3 

40.0 

41.9 

43.7 

32.8 

44.4 

42,0 

49.1 

34.9 

44,7 


polystyrene. Operating hr./yr 

6500. 

5450. 

5539. 

7920. 

8175, 

8442. 

5643. 

7467. 

5769. 




Optimum thickness inches 

6.6 

5.0 

5.0 

6.0 

5.0 

G.O 

5.0 

6.0 

5.0 

5,5 



WTD Q/A.-B.t.u./hr.-sq.ft, 

1.05 

1.97 

2.07 

1.82 

1.61 

1.84 

2.07 

2.07 

1.70 

2.01 

45 

Expanded 

WTD ‘P. 

48,6 

45.0 

46.9 

48.7 

37,8 

49.4 

47.0 

64.1 

39.9 

49.7 


polystyrene. Operating hr./yr 

6600. 

5450. 

5530. 

7926. 

8175, 

8442. 

5643. 

7467. 

5769. 

59S5. 



Optimum thickness inchas 

6.0 

6.5 

5.5 

6.0 

5.5 

6.5 

6.6 

6.5 

5.0 

6 0 



WTD Q/A_B.t.u./hr,-sq.ft. 

2.04 

2.03 

2.11 

2.04 

1.70 

1.94 

2.12 

2.12 

1.96 


40 

Expanded 

WTD “F. 

46.2 

44.0 

46,1 

50.2 

40.3 

53,0 

46.1 

52.2 

35.2 

49.2 


polj^styrene. 

Operating hr,/yr 

6776. 

6198. 

6322, 

8553. 

8757. 

8700. 

6623. 

8562. 

7623. 

6734. 



Optimum thick ness.. inches 

6.0 

5,6 

5.6 

6.5 

6.0 

6,5 

5.5 

6.5 

5.0 

6.0 



WTD Q/A..B.tAi,/hr.'-sq.ft. 

1.93 

2.01 

2.09 

1.96 

1.68 

2,08 

2.03 

2.04 

1,72 

2J1G 

^32 

Fibrous glass, 

WTD “F. 

49.3 

43.0 

46.6 

66,9 

48.3 

60,6 

45.1 

68.9 

38.0 

5tJ.6 



Operating hr./yr 

8470. 

7683. 

7422. 

8745, 

8760. 

8760. 

7881. 

8760. 

8742. 

7668, 



Optimum thickness inches 

9.5 

8,0 

8.5 

10.0 

9.5 

10.6 

8.5 

10.5 

8.0 

9,0 



WTD Q/A-.B.t.u./lir.-sqft. 

1.06 

1.08 

1.11 

1.14 

1.04 

1.20 

1.08 

I.IC 

.95 

I.H 

^26 

Fibrous gloss. 

WTD ”F. 

56.3 

50.0 

53.5 

63.9 

55.3 

67.8 

52.1 

65.9 

45.0 

67.6 



Operating hr./yr 

8470. 

7683. 

7422. 

8745. 

8760. 

8760. 

7881. 

8760. 

8742. 

7668, 



Optimum thickness jnehea 

10. 0 

D.O 

9.0 

li.O 

10.0 

11.5 

9.5 

11.0 

9.0 

10.0 



WTD Q/A...B,t.u./fir.-sq.ffc. 

1.16 

1.13 

1.21 

1.21 

1.14 

1.23 

1.12 

1.24 

i.oi 

1.19 

-10 

Fibrous glass. 

WTD °F. 

89,4 

78.4 

79.4 

98.8 

90,3 

102.6 

81.5 

100.9 

79.9 

0 



Operating hr./yr 

8760. 

8760. 

8760. 

8760. 

8760. 

8760. 

8760. 

8760. 

8760. 

8760. 



Optimum thickness inches 

13.0 

13.0 

12.6 

14.0 

13.0 

14.0 

12.6 

14.0 

12.5 

12.5 



WTD Q/A..B.t.ii./hr.-sq.ft. 

1.48 

1.38 

1.35 

1.53 

1.50 

1.60 

1.39 

1.66 

1.36 

1.45 

-20 

Fibrous glass. 

WTD “F. 

00.4 

88.4 

89.4 

108.8 

10(>.3 

112.6 

91.5 

110.9 

89.9 

94.0 



Operating hr./yr 

8760. 

8760. 

8760. 

8760. 

8760. 

8760. 

8700. 

8760. 

8760. 

8760, 



Optimum thicknes.s Inches 

14.0 

13.0 

13.0 

14.5 

14.0 

15.0 

13.5 

16.0 

13.0 

13,5 



WTD Q/A-.I3.t.u./hr.-sq.ft. 

1.54 

1.46 

1.48 

1.65 

1.66 

1.66 

1.46 

1.62 

1.49 

1.50 


1 Q/A values and insulation thicknesses for cities included above were derived from the cui’ves ® Weighted temperature diiTerence. 
in figures 43 tlirough 63. Because readings fiom a curve vary slightly, the figures for Chicago ^Fibrous glass and expanded polystyrene may be interchangeable for this temperature, 
will not agree exactly'’ with those given in table 4, which were taken directly from computer runs. 
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Table 50 . — Data for outside wall calculations for 10 cities^ one central system 


Room 

lemperaturc 

r F.) 

5 Type of 
insulation 






Cities 






Item* 

Atlanta 

Boston 

Cliicago 

Houston 

Lo.s 

Angeles 

Orlando 

Phila. 

Phoenix 

Seattle 

St. Louis 

72 

Expanded 

WTD^ . ^ F. 

6.0 

5.7 

5.7 

14.1 

4,6 

6.7 

6,2 

14.1 

5.4 

7.6 


polystyrene. Operating hr./yr 

2844. 

1381. 

1776. 

5065, 

1066. 

5415. 

2043. 

4089. 

660. 

2790. 



Optimum thickness inches 

1.0 

,5 

.5 

1.5 

.5 

1.0 

1.0 

1.5 

.5 

1.0 



WTD Q/A,.B.t.u./hr.-sq.ft. 

1.05 

1.42 

1.42 

1.80 

1.18 

!.16 

1.08 

1.80 

1.38 

1.30 

SO 

Expanded 

WTD2 F. 

18.4 

15.8 

17.0 

23,2 

12.7 

22.7 

18.0 

24.3 

11.2 

20.0 


polystyrene. 

Operating hr./yr 

6447. 

4246. 

4629. 

7926. 

8175. 

8442, 

4800. 

7467. 

5316. 

5640. 



Optimum thickness inches 

2,0 

1.6 

1.5 

2.5 

1,5 

2.5 

2.0 

2,5 

1.5 

2.0 



WTD Q/A..B.Lu./hr.-8q,ft. 

1. 01 

2,07 

2,23 

2.05 

1.65 

2.00 

1.88 

2.15 

1.46 

2.10 

45 

Expanded 

WTD^ ® F. 

23.4 

20.8 

22.0 

28.2 

17.7 

27.7 

23.0 

29.3 

16.2 

26.0 


polystyrene, 

Operating hr,/yr.__ 

6447, 

4246. 

4629. 

7920. 

8175. 

8442. 

4800. 

7467. 

5316. 

5046. 



Optimum thickness inchcb 

2.5 

2,0 

2.0 

2.5 

2.0 

2.5 

2.0 

2.5 

1.6 

2.5 



WTD Q/A_B.t.u,/hr.-sq.ft. 

2.06 

2,19 

2.33 

2,49 

1.86 

2.46 

2.43 

2,60 

2.13 

2.22 

40 

Expanded 

WTD* " F. 

24.7 

20,5 

22.3 

21.2 

21.6 

31,9 

22.1 

30.6 

10.3 

26.2 


polystyrene. Operating hr./yr 

7665. 

5713, 

5886. 

8553. 

8767. 

8700. 

6444. 

8562. 

7623. 

6600. 



Optimum thickness inches 

2.5 

2,0 

2.0 

3.0 

2.5 

3.0 

2.0 

3.0 

2,0 

2.5 



WTD Q/A..B.t,u./hr.-8q.ft, 

2.19 

2.14 

2.36 

2.40 

U90 

2,43 

2.33 

2.35 

1.70 

2.32 

*32 

Fibrous glass. 

WTD* F, 

29.9 

21.9 

24.7 

38.4 

29.6 

39.7 

25,2 

37.8 

21.6 

30.1 



Operating hr./yr 

8469. 

7693. 

7422. 

8745. 

8760. 

8760. 

7881, 

8760. 

8742, 

7668. 



Optimum thickness inches 

4.0 

3.0 

3,5 

4.5 

4,0 

4.5 

3.5 

4.6 

3.5 

4.0 



WTD Q/A-.B.t.u./hr.-sq.ft. 

1.41 

1.33 

1.32 

1.69 

1.40 

1,70 

1.34 

1.02 

1,15 

1.43 

‘2S 

Fibrous gloss. 

WTD* F. 

36.9 

28.9 

31.7 

45.4 

36.6 

46.7 

32.2 

44.8 

28.0 

37.1 



Operating hr./yr 

8469. 

7693. 

7422. 

8745. 

8700. 

8760. 

788K 

8760. 

8742. 

7008. 



Optimum thickneiss inches 

4.6 

3.6 

4,0 

6.0 

4.5 

5.0 

4,0 

5,0 

4.0 

4.5 



WTD Q/A_B.t.u./hr,-8q.ft, 

1.58 

1.54 

1.50 

1.78 

1,50 

1,83 

1.53 

1.70 

1.35 

1,59 

-10 

Fibrous glass, 

WTD* F. 

70.6 

69.9 

60.9 

80.3 

71,5 

8U7 

63,0 

79.8 

63.5 

06.9 



Operating hr./yr 

8760. 

8760, 

8760, 

8700, 

8700. 

8760. 

8760. 

8760. 

8760. 

8760. 



Optimum thickness inches 

6,6 

6.0 

6.0 

7.0 

6.6 

7,0 

6.0 

7.0 

6.0 

0.0 



WTD Q/A..B.t.u./hr.-sq.ft, 

2.22 

2.01 

2,04 

2.38 

2.25 

2.43 

2,14 

2.30 

2,14 

2,26 

-20 

Fibrous glass. 

WTD* ^ F. 

80.6 

69.9 

70.9 

00.3 

81.6 

9J.7 

73.6 

89.8 

73.1 

76.9 



Operating hr./yr 

8760. 

8700. 

8760. 

8700. 

8760. 

8760. 

8760. 

8760. 

8760. 

8760. 



Optimum thickness inches 

7.0 

0.5 

G.5 

7.0 

7.0 

7.5 

0,5 

7.0 

6.6 

6.5 



WTD Q/A_B.t.u./hr.*-sq.ft. 

2,39 

2.20 

2.23 

2.71 

2.42 

2.57 

2.32 

2,69 

2.30 

2.43 


* Q/A values and insulation thicknesses for cities included above were derived from the curves in ® Weighted temperature dirference. 
figures 43 through 53, Because readings from a curve vary slightly, the figures for Chicago will ® Fibrous glass and expanded polystyrene may bo interchangeable for this temperature, 

not agree exactly with those given in table 5, which were taken directly from computer runs. 
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Table 51— Data for ceiling calculations for 10 cities, one central system 


Cities 


Room 

temperature Type of 

F.) insulation 

Item^ 

Atlanta 

Boston 

Chicago 

Houston 

Los 

Angeles 

Orlando 

Phila. 

Phoenix 

8eattlo 

St. 1,0 ais 

72 

Expanded 

polystyrene 

WTD* ° F. 

Operating hr./yr - 

Optimum thickness inches 

WTD Q/A..B.t.u./hr.-sq.ft. 

36.6 

4410. 

3.0 

2.82 

32.9 

3658. 

2.5 

2.93 

35.0 

3736. 

2.5 

3.14 

34,5 

6735. 

3.0 

2.65 

39.6 

3688. 

3.0 

3.06 

36.4 

6075. 

3.0 

2.71 

34.6 

3834, 

2.5 

3.10 

43.8 

5275. 

3.5 

2.06 

35.0 

3100. 

2.5 

3.14 

4250. 

3.0 

2.82 

50- 

Expanded WTD* ° F. 

polystyrene. Operating hr./yr 

Optimum thicknesa inches 

WTD Q/A..B.t.ii/hr.-sq.ft. 

43.3 

6500. 

3.5 

2 93 

40.0 

5450. 

3.0 

3.08 

41.9 

5539. 

3.0 

3.22 

43.7 

7926. 

3.5 

2.95 

32.8 

8175. 

3.0 

2.52 

44.4 

8442. 

3.5 

3.01 

42.0 

5643. 

3.0 

3.24 

40.1 

7407. 

3.5 

3.15 

34.0 

5700. 

3.0 

2,08 

44 . 7 '’ 

5085. 

3.6 

3,04 

45- 

Expanded 

polystyrene 

WTD® F. 

Operating hr./yr 

Optimum thickness inches 

WTD Q/A..B.t.u./hr.-sq.ft. 

48 6 
6500. 

3.5 

3,31 

45.0 

5450. 

3.5 

3.06 

46.9 

5539. 

3.5 

3.19 

48,7 

7926. 

3.5 

3.32 

37.8 

8175. 

3.5 

2.55 

49.4 

8442. 

4.0 

2.08 

47.0 

5643. 

3.5 

3.10 

54.1 

7467. 

4,0 

3.30 

30.1) 

6769. 

3.0 

3.07 

49,7 

6086, 

3.6 

3,30 

40- 

Expanded WTD®.. F. 

polystyrene. Operating hr./yr 

Optimum thickness inches 

WTD Q/A_.B.t.u./hr.-sq.ft. 

46.2 

7676. 

3.5 

3.13 

44.6 

6198. 

3.5 

3.03 

46.1 

6322, 

3.5 

3.14 

60,2 

8563. 

4.0 

3.05 

40.3 

8767. 

3.6 

2.72 

63.0 

8700. 

4.0 

3.23 

46.1 

0623. 

3.5 

3.07 

52.2 

8502, 

4.0 

3.18 

35.2 

7023. 

3.0 

2.71 

49.2 

0731. 

IL5 

3.36 

’32 

Fibrous glass. 

WTD5 

Operating hr./yr 

Optimum thickness inches 

WTD Q/A_.B.t.u/hr.-sq.ft. 

49,3 

8479. 

6.0 

1.95 

43.0 

7683. 

4.5 

1.85 

46.5 

7422. 

5.0 

1.82 

66.9 

8745. 

5.5 

2,07 

48.3 

8760, 

5.0 

1.90 

60.0 

8760. 

6.0 

2.04 

45.1 

7881. 

5,0 

1.77 

58,0 

8760. 

5.5 

2.15 

38.0 

8742. 

4.5 

1.03 

50.0 

7008. 

5.0 

2.00 

^25 

Fibrous gloss. 

WTD* p. 

Operating hr./yr 

Optimum thickness inches 

WTD Q/A..B.t.U./hr.-sq.ft. 

56.3 

8479. 

5.5 

2.04 

60.0 

7683, 

5.0 

1.97 

63.5 

7422. 

6.0 

2.11 

63.9 

8745. 

6.0 

2.15 

65.3 

8760. 

5.5 

2.00 

67.6 

8760. 

0.0 

2.28 

52.1 

7881. 

5.0 

2.00 

05.0 

8700, 

0.0 

2.22 

45.0 

8742. 

5.0 

1.70 

57,0 

7008. 

5.6 

2.10 

-10 

Fibrous glass. 

WTD* ® F, 

Operating hr,/yr 

Optimum thickness inches 

WTD Q/A..B.t.u./hr.-sq.ft 

89.4 

8760. 

7.0 

2.67 

78.4 

8760. 

6.5 

2.48 

79.4 

8760. 

6.5 

2.52 

08.8 

8760. 

7.6 

2.79 

90.3 

8760, 

7.0 

2,71 

102.6 

8760. 

8.0 

2.76 

81.5 

8760. 

7,0 

2.42 

100.0 

8700. 

7.5 

2.86 

70.0 

8700. 

7.0 

2,30 

84.0 

8700. 

7.0 

2.63 

-20 

Fibrous glass. 

WTD* __ ° F 

Operating hr./yr 

Optimum thickness inches 

WTD Q/A--B,t.u,/hr,--sq,ft. 

99.4 

8780. 

7.6 

2,81 

88.4 

8760. 

7.0 

2.64 

98.4 

8760. 

7,0 

2.67 

108.8 

8760. 

8.0 

2,92 

100.3 

8700. 

7.5 

2,84 

112.6 

8760. 

8,0 

3.04 

01.5 

8700. 

7.6 

2.60 

lio.i) 

8700. 

8.0 

2.1)9 

80,0 

8760. 

7.0 

2.70 

94.9 

8700. 

7.5 

2.60 


lui L'luea iiiumaea aDove were aenvea trom the curves 

in figures 43 through 53, Because readings from a curve vary slightly, the figures for Chicago will 
not agree exactly w’ith those given in table 6, which were taken directly from computer runs. 


2 Weighted temperature difTorence, 

3 Fibrous glass and expanded polystyrene may bo intorchangouldo for this temp ora turo. 
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Table 52 . — Data for outside wall calculations for W cities^ four central systems 


Room 

temperature 

(° F.) 






Cities 






5 Type of Item' 

hmtlntion 

Atlanta 

Boston 

Chicago 

Houston 

Los 

Angeles 

Orlando 

Phila. 

Phoenix 

Seattle 

St. Louis 

72 

Expanded WTD^ F 

6.0 

5.7 

5.7 

14.1 

4,6 

G.7 

6.2 

14.1 

5.4 

7.5 


polystyrene. Operating hr./yr 

2844. 

1381, 

1776. 

6055. 

1056. 

5415. 

2043. 

4089. 

660. 

2796. 


Optimum thickness^— .inches 

1.0 

1.0 

1.0 

2,0 

.5 

l.O 

1.0 

2.0 

1.0 

1.0 


WTD Q/A_B.t.u./hr.-sq.ft. 

1.04 

.98 

1.00 

1.47 

1.16 

1.16 

1.08 

1.47 

.92 

1.30 

50 

Expanded WTD^ F. 

18.4 

15.8 

17,0 

23.2 

12.7 

22.7 

18.0 

24.3 

11.2 

20.0 


polystyrene. Operating hr./yr 

8447. 

4246. 

4629. 

7926. 

8175. 

8442. 

4800. 

7467. 

5316. 

5646. 


Optimum thickness inches 

2.5 

2,0 

2.0 

3.0 

2.0 

3.Q 

2.0 

3,0 

1 .5 

2.5 


WTD Q/A_ /hr.-sq.ft. 

1.01 

1.65 

1.73 

1,77 

1.32 

1.72 

1.93 

1.86 

1.46 

1.77 

45 

Expanded WTD> “ F 

23.4 

20.8 

22.0 

28.2 

17.7 

27.7 

23,0 

29,3 

16.2 

25.0 


polystyrene. Operating hr./yr 

6447. 

4246. 

4029, 

7928. 

8175, 

8442. 

4800. 

7467. 

5316. 

5646. 


Optimum thickness inches 

2.5 

2,5 

2,6 

3.0 

2.5 

3.0 

2.5 

3.0 

2.0 

2.5 


WTD Q/A..Bt.u,/hr,-sqft. 

2.07 

1,83 

1.94 

2,15 

1.56 

2.11 

2.04 

2.24 

1.68 

2.21 

40 

Expanded WTD^ ° F. 

24.7 

20.5 

22.3 

31.2 

21.5 

31,9 

22.1 

30.6 

16.3 

26.2 


polystyrene. Operating hr./yr 

7665. 

5714. 

5886. 

8553. 

8767. 

8700. 

6444. 

8502. 

7623. 

6060. 


Optimum thickness inche.s 

3.0 

2.5 

2,6 

3.5 

3,0 

3.5 

2,5 

3.5 

2.6 

3.0 


WTD Q/A.-B.t,u./hr.-bq.ft. 

1,87 

1.82 

1.96 

2,08 

1,04 

2.13 

1.96 

2.05 

1.43 

2.00 

»32 

Fibrous glass. WTD* ® F. 

20,0 

21.0 

24.7 

38,4 

29.5 

39,7 

25.2 

37.8 

21.6 

30.1 


Operating hr./yr 

8469. 

7693. 

7422. 

8746. 

8760. 

8760. 

7881. 

8760. 

8742. 

7608. 


Optimum thickness inches 

4,5 

4.0 

4.0 

5,5 

4,5 

5.6 

4,0 

S.5 

4.0 

4.5 


WTD Q/A..B.t.u./hr.--sq.ft. 

1,27 

1.03 

1.16 

1.36 

1.25 

1.4L 

1,18 

1.34 

1,01 

1.28 

^25 

Fibrous glass. WTD* “ F. 

36,0 

28.9 

31.7 

45.4 

36.5 

46.7 

32.2 

44,8 

28,6 

37,1 


Operating hr./yr 

8469. 

7693, 

7422, 

8745. 

8760. 

8760. 

7881. 

8760. 

8742. 

7668. 


Optimum thicknebs inches 

5.0 

4,5 

4.5 

6,0 

5.0 

6.0 

4.6 

6.0 

4.5 

5.0 


WTD Q/A_B,t.u,/hr.-sq,ft. 

1.44 

1.22 

1,35 

1.50 

1.42 

1,54 

1.37 

1.48 

1.22 

1.46 

-10 

Fibrous glass. WTD* “ F. 

70,6 

59.9 

60.9 

80,3 

71.5 

81.7 

63.6 

79.8 

63.5 

66.9 


Operating hr./yr 

8760. 

8760. 

8760. 

8760. 

8760. 

8760, 

8760. 

8760. 

8760, 

8760. 


Optimum thickness inches 

7.5 

7.0 

7.0 

8.0 

7.6 

8.0 

7.0 

8.0 

7.0 

7.0 


WTD Q/A. -B.t.u./hr.-sq.ft. 

1,94 

1.74 

1.78 

2.11 

1.97 

2.14 

1,88 

2.09 

1,86 

1.96 

-20 

Fibious glass, WTD* ® F, 

80,6 

69,9 

70. D 

90,3 

8K5 

91,7 

73,6 

80.8 

73.1 

76.9 


Operating hr./yr 

8760, 

8760. 

8760. 

8760. 

8760, 

8760, 

8760, 

8760. 

8760. 

8760. 


Optimum thickness inches 

8.0 

7.5 

7.5 

8,5 

8.0 

8,5 

7,5 

8.5 

7,5 

8.0 


WTD Q/A..B.t,u./hr.-sqft. 

2,11 

1.92 

1.94 

2,26 

2,14 

2,20 

2,03 

2.24 

2,02 

2.01 


^ Q/A values and insulation thicknesses for cities included abovo were derived from the curves ® Weighted temperature difTcrence, 

m figures 43 through 53, Because leadings from a curve vary slightly, the figures for Chicago ^ Fibrous glass and expanded polystyrene may be interchangeable for this temperature, 

win not agree exactly with those given in table 7, which were taken directly from computer runs. 
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Table Data for ceiling calculations for 10 cities, four central systems 


Room 

temperaturo Type of 
(° FO insulation 

72. Expanded.,,. 

polystyrene. 


50 Expanded 

poly.styrene. 


45 Expanded 

polystyrene. 


40 Expanded 

polystyrene. 


*32 Fibrous glass. 


*25 Fibro\is glass. 


-10 Fibrous glass. 


-20 Fibrous glass. 


AVTD» " P. 

Operating hrjyv 


Atlanta Boston Chicago Houston 

36.6 32,9 35,0 34.5 

4410. 3658, 3736, 5735, 


Los 

Angeles 

39.6 

3688, 


Orlando 

35.4 

6075. 


34.6 

3834. 


Phoenix 

43,8 

5275. 


Seattle 

35.0 

3196. 


Optimum thickness inches 

3.5 

3.0 

3.0 

3.5 

3.5 

3.5 

3.0 

4.0 

3.0 

WTD Q/A..B.Ut./hr-sq.ft. 

2.48 

2.62 

2.70 

2.31 

2.67 

2.38 

2,66 

2.63 

2.70 

WTDL. ^ P. 

43.3 

40.0 

41.9 

43.7 

32.8 

44.4 

42.0 

49.1 

34.9 


Operating hr./yr_ 


Optimum thickness inches 

4.0 

3.5 

4.0 

4.0 

3.6 

WTD Q/A. _B t.ii./hr.-sq ft. 

2.60 

2.70 

2.51 

2.62 

2.19 

WTD* ° F, 

48 6 

45.0 

46.9 

48.7 

37.8 


Operating hr./yr. 


8442. 

4.5 

2.41 

49.4 

8442. 


5643. 

4.0 

2.53 

47.0 

5643. 


7407. 

4.5 

2.68 

54.1 

7467, 


5709. 

3 . 5 
2.34 

39.9 

5769. 


Optimum thickness — inches 

4.0 

4.0 

4.0 

4.5 

4.0 

4.5 

4.0 

4.5 

3.5 

WTD Q/A_B.t.u./hr.-sq.ft. 

2.93 

2.71 

2.82 

2.66 

2.20 

2.70 

2.83 

2.98 

2.04 

WTD* ^ F. 

46.2 

44.6 

46.1 

50.2 

40.3 

53.0 

45.1 

52.2 

35.2 


Operating hr. /yr 

Optimum thickness inches 

WTD Q/A_,B.t.ii,/hr-sq.ft. 

WTD* F. 

Operating hr,/yr 

Optimum thickness inches 

WTD Q/A..B.t.u./hr-sq.ft. 

WTD« F. 

Operating hr./yr 

Optimum thickness inches 

WTD Q/A,_B.t.u./hr.-sq.ft. 

WTDL, F. 

Operating hr /yr 

Optimum thickness inches 

WTD Q/A,,B.t.u,/lir.-sq.ft. 

WTD* F, 

Operating hr./yr 

Optimum thickness inches 

WTD Q/A, B.t.u./hr, -sq.ft. 


7675. 

4.5 

2.1)1 

49.3 
8479. 

6.0 

1,64 

56.3 
8479. 

6.5 
1.75 

89.4 
8760. 

8.5 
2.24 

99.4 

8760. 

9.0 

2,37 


6198. 

4.0 

2,68 

43.0 
7683. 

5.5 
1.54 

50.0 
7683, 

6.0 

1.66 

78.4 

8760. 

8.0 

2.05 

88.4 

8760. 

8.5 

2.20 


6322. 

4.0 

2.78 

46.5 
7422, 

5.5 

1.67 

63.5 
7422. 

6.0 

1.78 

79.4 

8760. 

8.0 

2.08 

89.4 

8760, 

8.5 

2.21 


8653. 

4.5 
2,75 

56.0 

8746. 

6.5 
1.77 

63.9 

8745. 

7.0 
1.87 

98.8 

8760, 

9.0 
2.36 

108.8 

8760. 

9.5 
2.48 


8767. 

4.0 
2.42 

48.3 
8760. 

6.0 

1.60 

66.3 
8760, 

6.5 
1.72 

00.3 

8760. 

8.5 
2.25 

100.3 

8760. 

0.0 

2.39 


8700, 

5.0 
2.64 

60.6 

8700. 

7.0 
1.77 

67.6 

8760. 

7.5 

1.86 

102.6 

8760. 

9.0 
2.45 

112.6 

8760. 

9.5 

2.68 


6623. 

4.0 
2.72 

45.1 
7881. 

5.5 
1,62 

52.1 
7881. 

6.0 

1.74 

81.5 
8760. 

8.0 

2.14 

91.5 
8700. 

8.6 

2.28 


8502. 

4.5 

2.86 

58.0 

8700. 

6.5 
1.84 

65.9 

8760. 

7.0 
1.93 

100.9 
8700. 

9.0 
2.40 

110.9 
8700, 

0.5 

2.54 


7023. 

3.5 
2.36 

38.0 
8742. 

5.5 
1,35 

45.0 
8742. 

0.0 

1.48 

70.9 
8700. 

8.0 

2.00 

89.9 
8700. 

8.5 

2.12 


^ Q/A values and insulation thicknesses for cities included above wera derived from the curves 
in figures 43 through 63, Because readings from a curve vary slightly, the figures for Chicago 
vnll not agree exactly with those given in table 8, which were taken directly from computer runs. 


* Weighted temperature difference. 

^ Fibrous glass and expanded polystyrene may be intorchangoablc for this iemporaturo. 


tlirough 53, it is possible to calculate the cost differentials caused by the differences 
in climate between Chicago and other cities. The calculations of these cost differen- 
tials are illastrated in the following paragraphs. It is assumed that the central 


food distribution center, using one central refrigeration system, is relocated 
Chicago, III, to Orlando, Fla. 

Worksheets for Orlando and Chicago are illustrated in tables 54 and 55. 



Table 54 .^ — Iri&tilaiion reguirements and heat gains, Chicago food distribution center 

Insulation Heat gain 
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1. Tlie surface areas are based on the square feet of insulation required for ail 
four buildings (outside walls and ceilings only, since the inside walls and floors 
would require tlie same type and amount of insulation), 

2. The number of board feet of insulation required is calculated by multiplying 
the area (ft.^) by the thickness (inches). 

3. The heat gain per square foot (WTD Q/A) is obtained from figures 52 and 
63. The tons of refrigeration reejuired because of heat gain are found by multiplying 
the area (ft.^) by WTD Q/A (B.t.u./ hr.-ft.^), and dividing by 12,000 Bd.u./hr./ 
TR. 

4. The operating days per year are determined by dividing the operating hours/ 
year, listed in tables 50 and 51, by 24 hours per day. 

5. The ton^days are calculated by multiplying tlie tons of refrigeration by the 
operating days per year. 

6. The totals of the columns in the worksheets are applied to the cost figures 
developed in “Situation II, One Central System for Four Buildings,” and listed 
in “Cost Comparisons for the Three Situations,” to determine the difference in 
initial capital expenditures and in owning and operating costs between Chicago 
and Orlando. 

The difference in initial capital expenditures is calculated as follows: 

( 1) pnndecl -polystyrene insulation required for ceilings and outside walls : 

Orlando = 216,030 bd, ft. 

Chicago - 169,642 bcl. ft. 

-h 47,288 bcl. ft. 

Additional cost 47,288 X $0,085 $4,020 


(2) Fibious-glass insulation required for ceilings and outside walls’ 

Orlando ^ 387,077 bd. ft. 

Chicago = 317,772 bd. ft. 

+ 69,305 bd. ft, 

Additional cost = 69,305 X $0.13/bd. ft. - $9,010 

(3) Additional refrigeration-system cost due to heat gains: 

Orlando — 26.61 tons 
Chicago = 26. IS tons 
-h 0 33 tons 

Additional cost = 0.33 X $1,180 - $392 
Total difference in initial capital expenditures = + $13,422 

The difference in refrigeration operating costs caused by differences in clii 
is obtained from the difference in “ton-days” as follows: 

Orlando - 9,315 ton-days 
Chicago - 6,705 ton-days 
4- 2,610 ton -days 

Additional cost — 2,610 X $0,403 — $l,208/year. This difference in opera 
costs is added to the base operating cost at Chicago before making any correc 
for differences in electric power rates. See “Electric Energy Costs.” 

Similar cost differentials can be established between Chicago and any other 
by using the material presented in this report. 


TYPICAL SPECIFICATIONS 


Typical specifications have been written for the different types of refrigeration 
systems proposed in this report. They illustrate how specifications are written 
and what they should include. They could be used as a guide for writing tlie job 
specifications to furnish and install the refrigeration equipment in any food distri- 
bution center. 

Of the refrigeration specifications, those in section A contain general conditions 
that pertain to all situations; those in section B pertain specifically to Situation 
I; and those in section C pertain specifically to Situations II and III. 

Specifications are also included for air conditioning, in section D; and for cold- 
storage doors, in section E. Section E includes the number of doors used and the 
individual costs. This information supplements the bills of materials included in 
previous sections. 

These specifications in no way restrict or recommend the products of any individ- 
ual manufacturer. 


A— Typical Refrigeration Specifications— General Conditic 

ARTICLE 1: CONTRACT DOCUMENTS 

The contract includes the Agreement and its General Conditions, the Drawii 
and the Specifications. Two or more copies of each, as required, shall be signed 
both parties and one signed copy of each retained by both parties. 

The intent of these documents is to include all labor, materials, appliances, i 
services of every kind necessary for the proper execution of the work, and the te 
and conditions of payment therefor. The documents are to be considered as ( 
and whatever is called for by any one of the documents shall be as binding a 
called for by all. Any defects or inconsistencies in any document that can prev 
satisfactory performance, as specified, should be brought to the attention of 
Engineer prior to bidding. 

ARTICLE 2: MATERIALS, APPLIANCES, EMPLOYEES 
Except as otherwise noted, the Refrigeration Contractor shall provide and | 
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for all materials, labor, tools, water, power, and other items necessary to complete 
the work. 

All materials shall be new, and both workmanship and materials shall be of 
good quality. 

All woi'kmen and subcontractors shall be skilled in their trades. 

AnTICLE 3: PERMITS AND REGULATIONS 

Permits and licenses necessary for the prosecution of the work shall be secured 
and paid for by the Contractor. The Contractor shall comply with all laws and 
regulations bearing on the conduct of work and shall notify the Engineer if the 
drawings and specifications are at variance therewith. 

ARTICLE 4: PROTECTION OF WORK, PROPERTY, AND PERSONS 

The Contractor sliall adequately protect the work, adjacent property, and the 
public, and shall be responsible for any damage or injury due to his act or neglect. 

ARTICLE 5: ACCESS TO WORK 

The Contractor shall permit and facilitate observation of the v'ork by the Owner, 
his agents, and public authorities at all times, 

ARTICLE 6: CHANGES IN THE WORK 

The Owner may order changes in the work, the Contract Sum being adjusted 
accordingly. All such orders and adjustments shall be in writing. Claims by the 
Contractor for extra cost must be made in writing before executing the work 
involved. 

ARTICLE 7: CORRECTION OF WORK 

The Contractor shall reexecute any work that fails to conform to the requirements 
of the contract and tliat appears during the progress of the Avork, and shall remedy 
any defects due to faulty materials or workmanship which appear within a period 
of 1 year from the date of completion of the contract. The provisions of this Article 
apply to work done by subcontractors as well as to work done by direct employees 
of the Contractor. 

ARTICLE 8: OWNER^S RIGHT TO TERMINATE THE CONTRACT 

Should the Contractor neglect to prosecute the work properly or fail to perform 
any provision of the contract, the Owner, after seven da 3 ^s^ written notice to the 
Contractor and his surety, if any, may, without prejudice to any other remedy 
he may have, make good the deficiencies and deduct the cost thereof from the 
payment then or thereafter due the Contractor; or at his option, the Owner may 
terminate the contract and take possession of all materials, tools, and appliances 
and finish the work by such means as he sees fit. If the unpaid balance of the con- 
tract price exceeds the expense of finishing the work, such excess shall be paid to 
the Contractor; but if such expense exceeds such unpaid balance, the Contractor 
shall pay the difference to the Owner. 


ARTICLE 9: CONTRACTOR'S RIGHT TO TERMINATE CONTRACT 

Should the work be stopped by any public authority for a period of 30 days or 
more through no fault of the Contractor; or should the work be stopped through 
act or neglect of the Owner for a period of 7 days; or should the Owner fail to pay 
the Contractor any payment within 10 days after it is due; then the Contractor, 
upon 7 days* written notice to the Owner, may stop work or terminate the contraet 
and recover from the Owner payment for all work executed and any loss sustained 
and reasonable profit and damages. 

ARTICLE 10: PAYMENTS 

Payments shall be made as provided in the agreement. The making and accept- 
ance of the final payment shall constitute a waiver of all claims by the Owner, 
other than those arising from unsettled liens or from faulty work appearing there- 
after, as provided for in Article 7, and of all claims by the Contractor except any 
previously made and still unsettled. Payment otherwise due may be withheld on 
account of defective work not remedied, liens filed, damage by the Contractor to 
others not adjusted, or failure to make payments properly to subcontractors or 
for materials or labor. 

ARTICLE U: CONTRACTOR'S LIABILITY INSURANCE 

The Contractor shall maintain such insurance as will protect him from olnima 
under workmen's compensation acts and other employee benefits acts; from claims 
for damages because of bodily injury, including death ; and from claims for damages 
to property which may arise both out of and during operations under this contract, 
whether such operations be by himself or by any subcontractor or anyone directly 
or indirectly employed by either of them. This insurance shall be written for not 
less than any limits of liability specified as part of tiiis contract. Certificates of 
such insurance shall be filed with the Engineer prior to starting work on this project. 

ARTICLE 12: OWNER’S LIABILITY INSURANCE 

The Owner shall be responsible for and at his option may maintain sueli insur- 
ance as will protect him from his contingent liability to others for damages be- 
cause of bodily injury, including death, which may arise from operations under 
this contract, and any otlier liability for damages which the Contractor is required 
to insure under any provision of tliis contract. 

ARTICLE 13: FIRE INSURANCE WITH EXTENDED COVERAGE 

The Owner shall effect and maintain fire insurance with extended coverage 
upon the entire structure on which the work of the contract is to be done, to 100 
percent of the insurable value thereof, including: (1) items of labor and materials 
connected therewith, whether in or adjacent to the structure insured; (2) materials 
in place or to be used as part of the permanent structure, including surplus materials, 
shanties, protective fences, bridges, temporary structures, and miscellaneous 
materials and supplies incident to the work; and (3) such scaffoldings, stagings, 
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toucm, forms, and eciuiprnent as are not owned or rented by the Contractor, the 
cost of which is included in the work cost 

EXCLUSIONS : The insurance does not cover: (1) tools owned by meclianics; (2) any 
tools, equipment, scaffolding, staging, towers, and forms owned or rented by the 
Contractor, the cost of which is not included in the cost of the work; or (3) any 
temporary housing. 

ARTICLE 14: LIENS 

The final payment shall not be due until the Contractor has delivered to the 
Owner a complete release of all liens arising out of this contract, or receipts in full 
covering all labor and materials for which a lien could be filed, or a bond satis- 
factory to the Owner indemnifying him against such liens. 

ARTICLE 15; SEPARATE CONTRACTS 

The Owner has the right to let other contracts in connection with the work, and 
the Contractor shall properly cooperate with any such other contractors. 

ARTICLE 16: THE ENGINEER'S STATUS 

The Engineer shall be the Owner's Representative during tlie construction period. 
He has authority to stop the work if necessary to assure its proper execution. 
He shall certify to the Owner when payments under the contract are due and the 
amounts to be paid. He shall make decisions on all claims of the Owner or Contrac- 
tor. All his decisions are subject to arbitration. 

ARTICLE 17: ARBITRATION 

Any disagreement arising out of this contract or from the breach thereof shall 
be submitted to arbitration, and judgment upon the award rendered may be en- 
tered in the court or the forum. State or Federal, having jurisdiction. It is mutually 
agreed that the decision of the arbitrators shall be a condition precedent to any 
right of legal action that either party may have against the other. The arbitration, 
shall be held under the Standard Form of Arbitration Procedure of the American 
Institute of Architects or under the Rules of the American Arbitration Association. 

ARTICLE 18: CLEANING UP 

The Contractor shall keep the premises free from accumulation of waste material 
and rubbish and at the completion of the work shall remove from the premises all 
rubbisli, implements, and surplus materials, and leave the building broom clean. 

B— Typical Refrigeration Specifications for Situation I 
—Package Systems 

1.01 AIR UNITS 

Air units shall be of the type and size shown on the drawngs. They shall 
be of the oeiling-hung type Avitli heavy-duty mounting channels, with motor 


brackets, housing, and coils directly bolted to the channels. Housing shall b 
of aluminum or galvanized steel, the drain pans shall be of galvanized stee 

and the coils shall be of -inch diameter copper tubing with mechanicall 

bonded aluminum fins. In all rooms 40® F, or lower, coils with four finspe 
inch shall be used. 

Motors shall be single phase, and shall have built-in thermal overloa 
protection, U.L. approved. 

Rooms 32® F, and below shall be equipped with a hot-gas defrosting systei 
as shown on the drawings, and shall be fitted as above with the followin 
additions. 

The pan shall be steel, with a steel defrost coil electrically welded to i 
assembly to be hot-dipped galvanized to prevent rust and to form a solic 
permanent bond for good heat transfer of defrost coil to pan. 

The unit shall have an accumulator designed to prevent the liquid sluggiii 
of compressor and the trapping of oil during the defrost cycle and at r< 
sumption of the refrigeration cycle. The accumulator shall have a built-i 
heat exchanger for use during the normal refrigerating cycle. 

Control of the defrost cycle shall be automatic: defrosting of the coi 
will be started by a time clock and stopped by temperature control whe 
coils are completely defrosted. A single solenoid valve shall be supplied i 
the defrost line to regulate the flow of hot gas for defrosting. 

Units shall have a fan delay. 

1.02 CONDENSING UNITS 

Condensing units shall be of the type and capacity shown on the drawing 
All units shall be of the direct-drive compressor type and shall be mounte 
on a raised base. All units shall be air cooled, with vertical-type coils dh 
charging air in a horizontal plane. 

The compressor shall have removable heads installed on the unit for eaa 
removal; easily accessible valve plates; oil check valve; and dynamicall 
balanced rotating parts; and shall be complete with suction strainer an 
suction and discharge valves. 

Compressors under 7K hp, shall be lubricated by an oil slinger feedin 
a central oil hole in the crankshaft; those 7J^ hp. and larger shall have 
reversing-gear-type oil pump with an oil protection switch. 

Units shall be coupled to standard NEMA frame motors, as specified, vi 
a flexible-strap-type or a Thomas-type coupling. Final alinement shall h 
checked in the field. 

All units shall be equipped with a pressure stabilizer to automatical! 
maintain a satisfactory head pressure in low ambient conditions, thus assurin 
proper expansion valve performance. 

All units shall have suitable openings for equalizing of crankcase pressure 
and oil levels when units are paralleled. 

Receivers shall be mounted inside each unit. 
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LOS SIGHT GLASS AND DRIER 

Ail systems are to be fitlecl with an anf:i;lc-type drier cciuipped with change- 
able cartridges; a siglit glass witli moisture indicator sliall be iu series after 
the drier. Boili the drier and flic sight glass shall have line valves plus a suit- 
able bypass for servicing. 

1.04 THERMAL EXPANSION VALVES 

Each air unit shall bo fitted with a thermal expansion valve. These shall 
be installed in accordance with the manufacturers recommendations. 

1.05 VALVES 

Ail valves shall be designed for R-12 or R-22 service, Valves for use with 
copper lines may be brass packless type, or brass seal-cap type. 

LOG PIPING 
Pipe 

1. Soft-temper tubing is recommended where bending is required, where 
tubing is to bo hidden, and where flare joints are used, This tubing shall be 
copper, type L or K, bright annealed, dehydrated, and sealed. 

2, Hard-drawn tubing shall be used for silver brazed lines whore no bending 
is required, Tliis tubing shall be type B copper pipe, 

Joints 

1. Copper tubing joints up to and including % inch may be flared or silver 
brazed. Silver-brazed joints should be used for all sizes larger than 5^ inch, 

2. PI are joints shall be made with flaring tools. Silfos, Easy Pdow, or equiva- 
lent silver brazdng wire should be used on brazed joints. 

Fittings and Flanges 

1. Puttings for flare joints shall be standard SAE forged brass flare type. 
Flare nuts shall be short-shank type, 

2, Fittings for brazed joints shall be wrought copper or forged brass sweat 
fittings. Never use cast sweat fittings. 

Hangers 

1. Pipe or tubing shall be supported by split-ring adjustable-type or other 
suitable hangers, hung on round steel rods, or equal. Brackets or clamps 
may bo used where lines run along walls, columns, or ceilings. 

2. Valves shall be supported independently when located in copper lines 
smaller than 1 inch. 

3. Pipe hangers shall be placed not more than 8 to 10 feet apart. If wall or 
coiling brackets are used on straight lengths of pipe over 20 feet long, 
they shall provide for contraction and expansion. Hangers shall be placed 
not more than 24 inches from each change of direction, preferably on the 
side with the longest run, 


4. Pipe hangers or brackets shall be properly isolated, where necessary, to 
prevent noise transmission. Never locate rigid hangers closer than 6 
inches to isolated compressors. 

5. Hanger rods of the following sizes, or equivalent, are recommended: 


to ‘2-iiich pipe rod 

2K- to 3-inch pipe 3^-inch lod 

4- to 5-inch pipe 5^-iiich locl 

O-iiidi pipe ^ 4 -incli rod 

8- to 10-incli pipe J^-incIi rod 

!2- to 14-inch pipe 1-incli rod 

14-ineh pipe and Iniger iH-inch rod 


6. When pipe lines are to be insulated, tlie size and position of hangers shall 
be such as to bear on the outside of the insulation. Sleeves of No, 18 gage 
galvanized steel shall be placed between hangers and insulation. These 
shall extend at least 2 inches on each side of the hanger. 

Pipe Sleeves 

1. Sleeves shall be placed in floors and walls through which pipe lines pass, 
and extend 1 inch on each side. These may be made of pipe or of formed, 
galvanized steel. 

2. Curbs shall be used around pipe sleeves in floors. 

3. Openings are to be properly filled between the sleeve and the ^Yall, floor, 
or ceiling opening. 

4. Sleeves shall be furnished by the piping contractor and installed by the 
building contractor. 

Tests 

1, Refrigerant tubing and fittings shall be pressure tested with at least 50 
p.a.i, pressure before charging. Pressure may be applied with the Refriger- 
ant-22, with a mixture of Refrigerant-22 and nitrogen, or with nitrogen 
alone. 

2, All joints shall be rechecked for leaks with full operating pressure after 
charging. 

3, Piping must be free from leaks at test pressures. Defective material 
must be replaced and leaks properly repaired. Caulking or other temporary 
measures will not be permitted. 

Construction Notes 

1 , The piping shall be run generally as i ndicated on drawings and instructions, 
care being taken to avoid interference with other piping, electric conduits, 
pneumatic tubes, etc. 

2, Each part of the system of piping shall be complete in all detail, and 
provided Avith all control valves, etc., that are necessary for satisfactory 
operation. 

3, All pipe lines shall be at least 7}4 feet above floors, unless against walls 
or ceiling and unless requirements of refrigerant flow demand otherwise. 
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4. Ail lines shull be run plumb and htrniglit, and piimllel to walls, except 
that lioriisontal suction lines, {lischarge lines, and condenser to receiver 
lines shall be pitched in the direction of flow. Valves in the.se lines should 
bo placed with stems horizontal to avoid liquid imps and damming. 

5. Pockets, unnecessary traps, turns, and offsets shall be avoided. Traps or 
pockets, where unavoidable, shall Jiave oil legs find drain valves. 

6. Sufficient unions, flanged valves, or fittings shall be provided for dis- 
connecting equipment, controls, etc. All piping shall be accessible for 
repairs, 

7. Provision shall be made for contraction and expansion of three-fourths 
inch per 100 feet of pipe, 

8. Space between pipe lines to be insulated shall bo at least three times the 
insulation thickness for screwed fittings and four times the insulation 
thickness for flanged fittings. Space between pipe and adjacent surfaces 
shall be tliree-fourths these amounts. 

9. All work shall be done to conform with local codes, and the necessary 
permits sliall be obtained by the Contractor or Purchaser as provided in 
the contract. 

10, Gages are to be installed in the suction and discharge lieaders and piped 
to a location where they can be observed by operating personnel, 

11. The Refrigeration Contractor shall color code all piping with varied 
colored plastic bands suitable to the Engineer. All valves shall be tagged 
with a metal tag bearing a valve number and function. 

The Refrigeration Contractor shall furnish a piping isometric showing 
all main pieces of equipment and interconnecting lines bearing their 
respective color codes. The isometric shall be framed under glass and 
displayed prominently in the respective engine rooms. 

1.07 EVACUATION AND CHARGING OP SYSTEM 

All R--12 and R-*22 systems shall be evacuated and charged by the triple 
evacuation method. A vacuum pump capable of pulling the system down to 
the 50- to 100-micron range shall be used. The pump shall be equipped with 
an electronic gage. 

During the first evacuation, the system shall be pulled down to the 100- 
micron range and held there for 3 to 4 hours, after which it is charged with 
dry nitrogen or a mixture of nitrogen and refrigerant. In small systems, a small 
quantity of refrigerant can be used for charging. 

For the second evacuation, repeat the procedures followed in completing 
the first evacuation and charging. 

For the third evacuation, the system is again pulled down to the 100- 
micron range and held there for 3 to 4 hours. This time, however, the amount 
and typo of refrigerant to be used in the operation of the system is used for 
the charging. 


C— Typical Refrigeration Specifications 
for Situations II and III— Central Systems 

1.01 SCOPE 

Under this contract .shall be provided a complete central system, ammonia, 
R-717, pump-feed liquid-recirculation system as shown on the drawings, 

No, through No. , dated Room conditions, as 

indicated, must be obtainable with the loading, as specified. Each room 
shall be provided with air units, as specified, with full provision made for 
proper servicing of same. The engine room will be equipped as shown on the 
drawings. Any omissions or errors in the documents are to be brought to 
the attention of the Engineer prior to bidding. 

1.02 SUBSTITUTIONS 

All bids are to be based on the plans and specifications, and shall be so bid. 
Any substitutions must be listed as an addition or deduction to the base bid, 
and must be accompanied by sufficient information, capacities, dimensions, 
etc., so that they can be evaluated by the Engineer. 

1.03 AIR UNITS 

All air units are to be of the ceiling-hung type, with hot-dipped galvanized 
coils constructed of steel fins bonded to steel tubes. Coils shall not have more 
than four fins per inch, except in rooms of 50° F. or higher. Coils shall be 
circuited for liquid recirculation, and sliall state the required g.p.m. for 
proper operation at rated capacities. Housing shall be aluminum or galvanized 
steel. Units shall meet ratings and specifications as shown on the drawings. 

Units furnished for cutting room.s and other work areas shall have filters 
of the throwaway glass-fiber type preceding the coils. 

Units furnished for 32° F. rooms and below shall be equipped to use hot gas 
for defrosting the cooling coils and drain pans. Units shall have single- 
outlet drain pans fitted with a hot-gas coil. The hot-gas inlet to the air unit 
shall be mechanically secured to the drain-pan outlet, A check valve shall 
be installed between the outlet of the hot-gas coil in the drain pan and the 
hot-gas inlet to the cooling coil. 

The air units in the fresh-meat holding rooms shall have a stainless-steel 
housing and drain pan, and be equipped for hot-gas defrost. 

1.04 AUTOMATIC VALVES 

Automatic valves shall be as specified on the drawings. Valves ^hall be of 
all-steel construction. Solenoid valves are to be equipped with pilot lights 
to indicate when the valve is energized. 

Suction solenoid valves in rooms below 0° F. are to be pilot-operated, 
spring-loaded valves and cannot incorporate a relief valve or regulating 
valve operation. 

Relief valves on the suction side of a hot-gas defrost system shall have 
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(ilu'onu? HOuU, iind hIkUI hi) (Kiuippod with a cock mid valve for ease in adjust- 
Itcdief valves ami regulators can be incorporated into the suction 
s«)kui()id valves when the room temperature is above 0*" F. 

i.or) ni'iKRosT 'riMJOUs 

1 )('froHt^ timers shall l)e of the 24-hour type, with a minimum of six defrost- 
lit a: periods available, 'riicy shall incorporate a pumpout feature, up to a 
bO-niiiuite defrost cycle, and a fan delay feature on startup. They shall be 
iiiH t ill led in a water iiroof casing*; suitable for installation in or out of the cold 
room. 

l.Oli PUMF A(!(JUMULATORS AND INTERCOOLERS 

Rump ncciunulators and intercoolers shall be constructed to the dimensions 
ami (5()niiiin the connections as shown on the drawings. Shells shall be con- 
stnicled and inspect ed in accordance with the American Society of Mechanical 
l'jnp;iiKH»rs (ASMIC) Unbred Pressure Vessel Code, with design working 
piT^ssiiri^ of IbO p.s.i. lOxtorior surfaces shall have one coat of rust-resistant 
paint, and all connections shall be plugged after fabrication. 

1.07 LKiUIl) AMMONIA PUMPS 

Pum])S shall lie of the capacity and type sliown on the drawings. Pumps 
shall 1)0 ))()Hitive-displaccmcnt gear pumps of the rotary type and shall be 
V-hell (Iriv(!n, with drives as per the drawings. Pumps shall be eciuipped with 
a double nu'clianical seal pressurized by refrigeration oil from an oil reservoir. 
Sight glass with frost shields shall be installed on the oil reservoir. An oil- 
lilling valve shall ho furnished so that oil can be added without stopping 
the pump. 

l.OS COMPRESSORS 

CJomproHHors shall bo of the capacity and type shown on the drawings, 
and shull bo of the multicylinder direct-drive type. Housing shall be of close- 
griiinod iron casting; shall be complete with hand-hole plates, oil sight glass, 
suction and discharge valves, suction strainer, and internal relief valves; and 
shall have removable cast alloy iron sleeves fitted into the cylinders. 

Pistons are to bo of the cast-iron plug type or double-trunk slipper type 
with ohn)mc-})lated compression rings, and shall be fitted with aluminum 
alloy, })ormanont-mold-cast connecting rods with integral bearing in crank 
(Hid, The lubrication system shall be of the forced-feed type with a reversible- 
typo })ump; and shall be fitted with an oil-pressure switch, of the diffeiential 
type, with hand reset and integral time delay relay. 

A spring-loaded, ball-chcck-type relief valve, set for 300 p.s.i., shall be 
iuBl ailed boUveon discharge and suction passages. 

J^kich discharge connection shall be fitted for a discharge-gas thermometer. 
Kach compressor shall have a discharge-line oil separator, complete with its 
own float, Avhich shall return oil to the oil receiver system. 


m 

A crankcase float shall be inM ailed inride the ninipre'^^or to .iflrnn eih 
as required, from the oil leceiver 

1.09 OIL RECEIVER 

An oil receiver shall be Mii)plied .shown on the drawings, airl hliall he 
equipped with gage glass or bulls-eye for level uulicutii)n The receiver di ill 
be equipped with a thermostatically controlled 3(X)-watt In aUT to ni lititiiUi 
a temperature of 90° F. 

1.10 COMPRESSOR JACKET COOLING 

Compressor jacket coolers of the Refrigeraiit^ll t\j>iN a's shown ori the 
dra\Yings, shall be installed as shown The water cooiitiit for the U-ll -liaJl 
be controlled by a temperature-ucUiated waiter valve controlh*d h\ a rel.iy 
and thermostats installed in the gas line at the c(jmprt^>-or jacket- Wa-te 
water shall be piped to the ba.sin.s of tlio evaporative conden-er.^ 

1.11 EVAPORATIVE CONDENSERS 

Evaporative conden.sers .shall be of the t>pe and cajKicuie'^ as A\mn on 
the drawings They shall be constructed eitlier of galvanizfMl 1 1-gage steel 
sheet, followed by welding the .‘^eams and painting them with ru-t-re-Ltant 
aluminum paint; or of 11-gage .steel sheets wliich shall Ix^ h(jt-dipi)cd gal- 
vanized after fabrication. 

The fan drive shall be V-belt, and shall have a protretive cuard with 
adjustable belt tension. 

Tlie condensing coil shall bo of the staggiTed-tuhc de-ign with — »-ineh 
full-weight steel pipe. The coil shall be of completely wehled con^trucii'ui 
and shall be hot-dipped galvanized after fabrication and ic-ted under water 
to 300 p.s.i.g. of air. 

Eliminators shall be galvanized .steel, mmimiim of gage Spr.n nozzle*. 

shall be lemovable, bronze, iiondogging centrifugul, twu-piece desgn. in- 
stalled in full- weight galvanized pipe s>>tem. A valvcd bleed connection '-hull 
be provided for constant bleedoff. 

A spray water pump of the centrifugal type shall be furnidied with 
at the suction outlet of each pan. 

Expanded metal air-inlet screens shall cover all air inlet.'^ 

Discharge air dampers are to be installed on all unit*^ iibtalkd in-ide, and 
ai’e to be controlled by bead pres^ure. 

Fans are to be cycled from end switches on the-e danqwrs 

Water pumps shall run at all times except when head comhtionv caiiUfjt 
be maintained during extremely cold weather. 

L12 HIGH-PRESSURE A^^IMONIA RECEIVERS 

Receivers shall be constructed in accordance witli ASME Code and 
tion procedures, and shall be tested in accordance with American Stmuiards 
Association (ASA) B-9 Code. Design working pre^ure shall be 300 p.sJ. 
for shells 24 inches in diameter or less, and 2o0 p.J^.i. for those 30 inches in 
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diameter or larger. All receivers shall be sized and fitted in accordance with 
the dialings; complete with stands, lupiid gages and valves, charge and 
drain valves, and inlet and outlet valves; and equipped with dual relief 
assemblies set at 2o0 p,s.i. with three-way valve. 


.13 AMMONIA PIPING 

Pipe 

1. Ammonia lines shall be constructed of seamless or Jap-welded steel pipe. 
Butt-welded pipe may be used for sizes indies and smaller, 

2. All pipe 1 inch and smaller should be extra heavy. Suction and discharge 
lines larger than 1 inch ma}'' be full weight, 

3. Liquid lines 13^ inches and smaller should be extra heavy. Sizes larger 
than 13 ^ inches may be full weight. 

Joints 

1. Joints between lengths of pipe or between pipe and fittings shall be 
threaded for pipe sizes 13 ^ inches and smaller. Sizes larger than 1% inches 
shall be welded. Sizes smaller than l]4 inches may be welded when 
preferable, 

2. Threads shall be of standard taper. They shall be cut clean and free of 
burrs. Burrs formed inside pipe from cutting shall be removed by reaming. 
Joints shall be made with litharge and glycerine or other suitable joint 
compound. 

3. Welded joints shall be made by experienced welders. AVelding surfaces 
shall be cleaned and properly spaced before welding. Parts to be welded 
shall be in line at all points. A weld 23^ times the wall thickness of the 
pipe is recommended. 

Fittings and Flanges 

1. Sittings and flanges shall be ammonia-type. 

2. The type and finish of fittings and flanges shall correspond to the selec- 
tion of pipe and type of joint. 

3. Idanged fittings shall be used for pipe sizes larger than 2 inches, except 
that screw-and-flange type may be used up to 3 inches inclusive. 

Flanges and flange faces of fittings shall be tongue-and-groove type. 
Sizes 1 inch and smaller may be oval (two-bolt) type. Sizes larger than 1 
inch, up to 4 inches inclusive, shall be square (4-bolt) type. Sizes larger 
than 4 inches shall be round, 

5. Steel welding neck flanges and welding elbows shall be used for welded 
pipe lines. 

6. Pipe bends may be used in lieu of welding elbows where space permits, 
bocket weld fittings are recommended for sizes 1 inch and smaller. 

7. Unions shall be flanged type. 


S. Bushings may be used for reductions of two or more pipe sii^eH. H educing 
fitting.s .should be used where the reduction is only one pi])e sizci. Bushings 
2 inches and smaller shall be steel. Sizes larger than 2 iuclics may he 
malleable or air-furnace iron. 

Valves 

1. Valves shall be air-furnace iron or steel-body ammonia globe or angle type. 
Gate valves may not be used for ammonia service. 

2. Valves 2 inches and smaller may be screwed type, Flanged valves nliould 
be used in sizes larger than 2 inches. 

3. Valves 1 inch and smaller may have screwed bounels. Sizes larger than 
1 inch shall have bolted bonnets. 

4. Steel angle valves one-Iialf inch and smaller used for drain, purge, or 
gage lines need not have back seals. All other valves shall bo back soated 
for repacking in service. 

5. Check valves may be lift or swing-check type. Sizes larger than 1 inch 
shall have manual lifting stems. 

Gaskets 

Gaskets shall be 1/16-inch thick asbestos fiber composition or soft lead, and 
shall fit accurately into grooves of fittings. 

Hangers 

1. Pipe shall be supported by split-ring adjustable typo or otliei* Hiiitable 
hangers hung on round steel rods, or their equal. Brackets or clamjis may 
be used where lines run along walls, columns, or ceilings. 

2. Pipe hangers shall be placed not more than S to 10 feet apart. If wall 
brackets are used on straight lengths of pipe over 20 feet long, they .shall 
provide for contraction and expansion. Hangers shall be placed not more 
than 24 inches from each change of direction— preferably ou the side 
with the longest run. 

3. Pipe hangers shall be properly isolated, wliere necessary, to imivoni noise 
transmission. 

4. Pipe-hanger rods of the following sizes, or ecjuivalout, are recommcncl(Hl: 


to 2-inch pipe 3^-inch rod 

2M“ to 3-mch pipe 3^-inch rod 

4- to r)-inch pipe ^^nch rod 

O-iiichpipe J^-inoh lod 

8- to 10-irich pipe 3il-inch rod 

12- to 14-inch pipe I-mch rod 

14-inch pipe and larger 13^-inch rod 


S. When pipe lines are to be insulated, the size and position of hangers shall 
e such as to bear on the outside of the insulation. Sleeves of No. 18 gage 
galvanized steel shall be placed between hangers and insulation. These 
shall extend at least 2 inches on each side of the hanger. 
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inserts sluUl be installed in concrete ceilings of new construction, 
shall be supplied by tlie piping contractor for installation by the 
contractor. 

^ ^iaeves 

Slooves shall be placed in floors and walls through which pipe lines pass, 
extend 1 inch on each side. These may be made of pipe or formed 
S^lvfinizcd steel. 

shall be used around pipe sleeves in floors. 

Oponings are to be properly filled between sleeve and the wall, floor, or 
ceUiiig opening. 

new construction, sleeves shall be furnished by the piping contractor 
installed by the building contractor. 

is 

Piping, after installation, sliall be tested with 300 p.s.i. iiir pressure or 
nitrogen on high-pressure side, and 150 p.s.i. on low-pressure side. Piping 
be free from leaks at those pressures, 
ective material must be replaced and leaks properly repaired. Caulking 
ov other temporary measures will not be permitted. 

Valves and cast fittings shall be factory tested with 300 p.s.i, air pressure 
under water. 

'siruction Notes 

The piping shall be run generally as indicated on drawings and instruc- 
tions, care being taken to avoid interference with other piping, electric 
conduits, pneumatic tubes, etc. 

Each part of the system of piping shall be complete in all detail and pro- 
viclod with all control valves, etc., necessary for satisfactory operation. 
All pipe lines shall be at least 7J^ feet above floors, unless against walls or 
ceiling. 

All Jines shall be run plumb and straight, and parallel to walls, except 
that horizontal liquid lines between condensers and receivers and all low- 
pressure liquid lines shall pitch one-fourth inch per foot in the direction 
of flow. 

Pockets, unnecessary traps, turns, and offsets shall be avoided. Traps or 
pockets, where unavoidable, shall have oil legs and drain valves. 
Sufficient unions, flanged valves, or fittings shall bo provided for dis- 
connecting equipment, controls, otc. All piping shall be accessible for 
repairs. 

Provision shall be made for contraction and expansion of three-fourths 
iiicli per 100 feet of pipe. 

The distance between pipe lines to be insulated shall provide ample 
woi’kiiig space for handling insulation. It is recommended that the space 


be at least three times the insulation thickness for screwed fittings and 
four times the insulation thickness for flanged fittings. Space between 
pipe and adjacent surfaces shall be three-fourths these amounts. 

9. All work shall be done to conform with local codes, and the necessary 
permits shall be obtained by the Contractor or Purchaser as provided 
in the contract. 

10. After the Painting Contractor and Insulation Contractor have completed 
their contracts, the Refrigeration Contractor shall coior-codc all piping 
with varied colored plastic bands suitable to the Engineer. All valves 
shall be tagged with u metal tag bearing a valve number and function. 

11. The Refrigeration Contractor shall furnish a piping isometric showing all 
main pieces of equipment and interconnecting lines bearing their respec- 
tive color codes. This isometric shall be framed under gkvss and displayed 
prominently in the respective engine rooms. 

1.14 AUTOMATIC PURGEll 

A continuous automatic purger of the inverted-bucket type shall be 
furnished for each booster ammonia-refrigeration system. The purger shall 
be complete with automatic expansion valve, hand valves, and water 
container for vented gases, 

1.15 AMMONIA METERS 

Ammonia meters shall be supplied on all main liquid lines of each building 
and in the high-stage and low-stage liquid lines to each of the firms using 
refrigeration. The meters shall be located where dial indicators can. be read 
or supplied with a remote indicator. 

Meters shall be constructed of cast iron or stainless steel housings with 
hard-carbon bearings. Units shall be flanged with screwed or welded con- 
nections. Meters shall be properly sized and accurate to 0.5 percent. 

D— Typical Air-Conditioning Specifications 
for Situations II and III 

2.01 FAN COIL UNITS 

The coil shall be fabricated from ^-inoh OD copper tubes, with a 

inch-thick wall, and from -inch-thick aluminum flat fins, arranged with 

fins/inch. The coil shall be rows deep and rows high; and 

shall have two feeds per coil and a 34"inch Iron Pipe Tap (IPT) air vent. 
The coil shall be tested for a maximum operating pressure of 250 p.s.i. The 

fan deck will be constructed of galvanized steel, assembly spot 

welded, and with one removable inlet ring per fan housing. 

Fan wheels shall be of the forward-curve blade design, and constructed 
of aluminum blades and center disk with steel hub, 

Fan motors shall be 115/1/60 volt nominal, permanent-split capacitor 
motors, with oil tubes and inherent overload protection. 
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The drain pan Miall be fabricated from -gage galvanized steel, and 

shall extend or have an auxiliary ])an under the control valves so that all 
condensate produced within the enclosure shall be drained. Pan should be 
insulated with a minimum of J^-inch polyester insulation. Enclosure shall be 

fabricated of -gage furniture steel, hondarized and spray painted, with 

a baked-cnamel finish. Access doors to valves and controls shall be provided. 

The discharge grill shall be of the double-deflection type. 

The enclosure shall be insulated or designed to eliminate all sweating. 
A three-way water control valve shall be installed for temperature control 
and shall be controlled by a wall or self-contained thermostat as per the 
Dwner*s request. 

2,02 HEAT EXCHANGER 

The shell shall be fabricated of seamless or resistance-welded pipe up to 
24 inches in diameter, and of formed steel with fusion-welded longitudinal 
seam above 24 inches in diameter, 

Tube sheets shall be steel, fusion-welded to shells at least 134 -ii^ich thick, 
and shall have tube holes reamed and recessed. 

Tubes shall be l344nch OD No. 13 Birmingham Wire Gage Electric 
Resistance welded steel of American Society for Testing and Materials 
Specification A-214:, 

Water heads are to be of cast iron with machined gasket surfaces. Design 


maximum working pressure: 

2i inches and under 300 p,s,i. 

Over 24 inches 250 p.sa, 

Water heads 150 p.s.i. 


Shell and water passes shall be tested in accordance with ASA B-9 code. 
Shell and tube subassemblies shall be submerged xmder water, after fabrica- 
tion, and tested with 250 p.s.i. air pressure. 

Shells are to be constructed and inspected in accordance with ASME 
Unfired Pressure Vessel Code, 

A levePcoiitroI switch for summer operation shall be provided to open 
and close the liquid-inlet solenoid. This switch shall be a float switch suitable 
for operation at 250 p.s.i, 

A back-pressure regulator and stop valves shall be used to control the 
water temperature. A safety thermostat set for 36^ E. shall be provided in the 
leaving water system. Interlocks through the water pumps shall supply the 
voltages to these valves as a further safety precaution, 

A manually operated valve shall be installed to switch the heat exchanger 
from the low side to the high side for winter operation. A manual switchover 
shall be provided on the control circuit. 

Head pressure shall be set to supply the temperature of water required, 
depending on ambient conditions, A step controller shall shut down evaporar 
tive condenser fans and follow by sequencing the pumps on the evaporative 
condenser water systems. In extreme weather the heat exchanger shall 


furnish the only condensing action in the circuit except for that due 
gravity losses in the evaporative condensers, which is very small. 

2.03 WATER PUMPS 

Pumps of the type and capacities shown on the drawings shall be furnish 
The case shall be cast iron, vertically split, and shall have flanged suet 
and discharge connections. The impeller shall be bronze, dynamici 
balanced, of the enclosed type, and locked to the pump shaft. The shaft i 
shall be of the rotary mechanical type suitable for water temperatures \i\ 
250'' F. The motor shall be sized so that the maximum brake horsepo’ 
output required by the centrifugal pump is less than that allowed by 
motor manufacturer's guarantee service factor. The motor shall be c 
nccted to the pump shaft with a flexible seif-alining coupling. The pump si 
have sleeve bearings and force-feed lubrication. The bearing-bracket assem 
shall be removable without disturbing the piping or the motor. In the wet 
area the pump shaft shall be protected by a nonferrous sleeve. The base si 
be constructed of structural angles with integral feet, and shall be oper 
the top to reduce noise. The pump shall be suitable for 175 p.s.i. work 
pressure. 

2.04 VALVES AND PIPING 

Piping shall be of Type L copper, and installed in accordance with sp' 
fications for piping as in sections B and C. 

Valves shall be of galvanized or nonferrous construction, and suitable 
working pressures of 150 p.s.i. 

E— Typical Cold-Storage Door Specifications 
and Installation Schedule 

DOOR No. 1: Manual Single Horizontal-Slide Cooler Door, complete with _ 
-gage galvanized steel door, unpainted; 4-in oh polyuretlr 
foamed-in-place insulation; neoprene seals, galvanized tvi 
mounted on painted wood header, painted wood casings, trol 
trucks, stay rollers, galvanized operating hardware, and lock 
device with inside safety release. 

ST'" X 8T'' 

Unit Price Installed $925.00 ei 

No. Required: Bldg. No. 1 = IS; Bldg. No. 2 = 11; Bldg. No. 3 == 15; 

Bldg, No. 4 — 4. 

Total - 48. 

DOOR No. 2; Identical to Door No. 1, but with provision for meat rail. 

Unit Price Installed $1,025.00 ei 

No. Required: Bldg. No. 2—12 
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nflOll No !>■ Idtii'tioal In l>oni‘ No. 1, bill, willi liontinf!; ciildo for llO/l/dO. 

^ ' ' Unit I'rioo liiHliillf-tl WkOO ouch 

No. no(iiiir(!<l: IMdij;. No. 11 I 

door No. 'I: Idoiiticid to Door No. I, bill with d inoli(*.s (tf polyoroUiiiMO 
iiimdtilioii niid witli li(')ilin(!:oal)l(i for llO/l/dO. 

Unit, Price liiHliilled .. . $l,()l).').(){) 

No Uwniiml: PldM;. N<». ‘.i Hldti;. No. d d; HIdg. No. 4 ■ - 2. 

Tolid Id 

DOOR No. fi: Ideiil-ical lo Door No. 4, hill. 4'()" X 7'0" 

Unil. Pri('(' liiHlallecI .$1)7.5.00 

No. Required: RIdg. No, 0 2 


DOOR No, 6: Identical to Door No, 1, except 2 inches of polyurethane insula- 


tion. 

Unit Price Installed .$700.00 

No. Required: Bldg. No. 3 = 4 

DOOR No, 7: Identical to Door No. 6, except 4'0" X 7'0" ' 

Unit Price Installed .$625,00 

No. Required : Bldg. No. 3 = 2 


DOOR No. 8: Wooden cold-storage door, right-hand swing, complete with 4- 
ineli insulation, galvanized hardware, and wood frame, neoprene 
seals, and locking device. S'O" X 6'0". 

Unit Price Installed... .$476.00 

No. Required: Bldg. No. 1 = 2 
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